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Louisville Cooler does 
eee Satisfactory job at low 
= cost for nationally known 
chemical manufacturer... 


Louisville Surface Cooler has rotary 
shell and external water sprays. a 


KNOWTHE 
RESULTS 


before you buy! .«- cooling lumpy caleined material from 1800° Fahr. to 150° Fahr. 


a for further processing. Gentle mechanical handling required to 
minimize decrepitation. 
Each Louisville cooler is “‘job-fitted” to your special problem—to 
make your cooling operations effective—to assure dependability 
of performance that will make the cooler operation pay. 


PAs, cP a Callin a Louisville engineer for a complete cooling survey. Based 


on his experience he will recommend one of the three standard 
* * Louisville types, a modification, or an entirely new design. The 

3 types of Louisville performance will be pre-determined. Youll know the results before 
Coolers you buy ... and the results must be better! Write for complete 


e Surface Cooler information today. 
Louisville Drying Machinery Unit 


DIVISION Over 50 years of creative drying engineering 
GENERAL AMERICAN TRANSPORTATION 
CORPORATION 
Other General American Equipment: Dryer Sales Office: 139 So. Fourth Street 


: Louisville 2, Kentucky 
lurbo-Mixers, Evaporators, General Offices: 135 South La Salle Street, Chicago 90, IMinois 


Dryers, Dewaterers, Towers, Offices in all principal cities 


In Canada: Canadian Locomotive Company, Ltd. 
Tanks, Filters, Pressure Vessels hingston, Ontario 
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DENSITY 

DIFFERENTIAL PRESSURE 
FLOW 

HUMIDITY 

LIQUID LEVEL 

MOTION 

OPERATION TIME 
POSITION 

PRESSURE 

SPECIFIC GRAVITY 
TEMPERATURE 


VACUUM 

VISCOSITY 
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plus... 
CHLORINATION 


FLOW METER CALIBRATION STANDS 
SPECIAL PROPORTIONING SYSTEMS 


STANDARD, GRAPHIC AND 
SEMI-GRAPHIC PANELS 


Write for full information. 


FISCHER & PORTER 
| COMPANY 


2200 County Line Road 
Hatboro, Penna. 
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|  Standardaire Shwers 


LETTERS 
PUT A TIGHT SQUEEZE 
ON COMPRESSION COSTS TO THE EDITOR 


Where Credit Is Due 


In answer to S. Schwartz's comments 
[Letters “C.E.P.,” August, 1953, page 6] 
on “Sulfur from Hydrogen Sulfide,” the 
contribution of S. L. Nevins and J. S. 
Gilliam in the development of a circulating 
sulfur-scrubbing system is indeed meritor- 
ious. It deserves recognition as a significant 
advance and Literature Cited (10) in our 
article describes the Nevins and Gilliam 
development. 

The formation of monatomic sulfur ad- 
vanced by Schwartz for the higher-than- 
calculated equilibrium conversions at the 
“free flame” temperature appears less prob- 
able than the explanation proposed by the 
authors. At free flame temperatures of 
about 1400° C., the equilibrium partial pres- 
sure of monatomic sulfur is only about 
2 x 10-4 atm. at a total system pressure 
of 1 atm. Most likely the key to the high 
conversions lies in the suppression of the 
reoxidation of diatomic sulfur to sulfur 
dioxide, 


B. W. Gamson 

A. the Standardaire Blower's unique helically-shaped rotors 
revolve, pockets are formed at the intake port which diminish in 
size as they approach the point of discharge. Within these 
. pockets, air is compressed gradually and smoothly. The internal 
a pressure is raised approximately to the discharge pressure 
é : before the pocket registers with the discharge port... reducing I am writing to offer my sincere con- 
noise, shock, and loading of internal parts. | gratulations for the article on “The 
Engineers’ Stake and Status in Human 
Relations,” as published in the August 


Great Lakes Carbon Corp. 
Morton Grove, II. 


Human Relations 


Since high pressure air is confined to the discharge end of the 

p Standardaire Blower, leakage lines are much shorter than on tre 
other types of units. The rotors are accurately machined to very | 
close running clearances and provide a continuous sealing for merle placed his finger on the causes 
the entire length of their engagement. Their perimetral edges ; for failure of the engineer (and for that 
ore sealed by the housing. | matter the scientist) in human relations. 


It was good to find how Mr. Dem- 


I refer to such of his categories as The 
Blind Worship of Objectivity, The Need 
for Real and not just Professional Hu- 
mility, The Requirement for the Repor 

torial and not the Scientific Approach in 
Non-Technical Presentations, and the 
| Distrust of Non-Absolute Standards in 


Human Contacts. 
: | | like particularly his remark about 


the scientist's weakness for attempting 


~ eas CORPORATION epieias to argue a person out of an emotionally 


based point of view. This is certainly a 


These are but a few of the unique features of Standardaire 
Blowers... which result in very high volumetric efficiency at 
lower installed cost, and lower maintenance and operating costs. 


vross, if albeit understandable weakness 


BLOWER-STOKER DIVISION of the technical person. I am reminded 
370 LEXINGTON AVENUE, NEW YORK 17. N.Y of the Chaplain of the U. S. Senate who 


opened a morning session with the 


(Continued on page 6) 
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Cutoway view of typical Standardaire 
Blower showing helically-shaped rotors. 

wie 
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can this NEW 


CONTINUOUS CENTRIFUGAL 


NOW YOU CAN GET 


A CONTINUOUS CENTRIFUGAL THAT PROVIDES... 


@ 7 different pool depths 


@ Variable beach speeds from 0 to 300” per minute 


@ 2000 FxG 
@ Self-cleaning feed chambers 


WHAT CAN THIS MEAN TO YOU? 


FOR LONG RUNS ON A SINGLE PRODUCT If your 
plant runs continuously on a single product, 
process fluctuations or changes in processing tech- 
nique need no longer be a problem. The Vari-Beach 
Drive permits beach speed to be changed instantly, 
from 0 to 300 inches per minute. Seven different 
pool depths are available by a simple adjustment 
of the Vari-Pool Orifice Plates. An available force 
of 2000 times gravity assures maximum settling 
rate. This flexibility can mean maximum efficiency 
in your centrifuging step. 


FOR SHORT RUNS ON DIFFERENT PRODUCTS Per- 


CENTRIFUGALS 


cut filtration costs for you? 


TOLHU RST} 


Chemical Engineering Progress 


haps your plant runs for awhile on one product, 
then changes over to another product. Now, for 
the first time, you can enjoy the advantages of 
continuous centrifuging. When you change from 
one product to another, you simply adjust beach 
speed and pool depth by means of the Vari-Beach 
Drive and Vari-Pool Orifice Plates and you're ready 
for the new run. Self-cleaning feed chambers mini- 
mize down time when changing products, 


FIELD TEST UNITS Ask for details on Tolhurst 
Continuous Centrifugal available for a 90-day test 
in your plant. 


Division of 
AMERICAN MACHINE AND METALS, INC. 
EAST MOLINE, ILLINOIS 
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“ONTINUQY. “ENTRIFUG 
at 


in filtration ond equiament. 


FINE FILTRATION 


SPARKLER 


ra quarter of a ¢ fury eod nip 


MODEL MCR 


A new fast action, heavy duty filter. 60 second opening 
or closing. Available with jet spray plate wash-off or with- 
out jet spray for hand cleaning of semi-dry cake. Sizes 


from 100 sq. 


Standard Horizontal Plate Models 


For many years the accepted stand- 
ard for fine filtering. Positive cake 
stability, no slipping or cracking, un- 
der any pressure variation or with 
complete shut-down of filtering, is an 
exclusive feature of the Sparkler hori- 
zontal plate filter that has earned a 
wide acceptance and use of this filter. 
Filter aids can be floated on the plate 
evenly at low pressure and fine sharp 
filtration obtained right from the 
start with a thin low density pre-coat. 
No other filter can match this per- 
formance. Available in plate capaci- 
ties up to 150 sq. ft. of filtering sur- 
face. ‘Tanks and plates available in a 
wide range of metals including Hastel- 
loy, stainless steel, etc. 
Write Mr. Eric Anderson for personal 
service on your filtering requirements. 


Corp., Mundelein, Ill, USA. 
Amsterdam, Holland 
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Service representatives in principal cities: 
Sparkler International Ltd., Prinsengracht 876, 
Kamitter & Co., 35 Chittaranjan Ave., Calcutta 12, India. 


ft. to 2000 sq. ft. 


of filtering surface. 
Recommended for products with a heavy residue and 
for removal of large percentage solids. 


MUNDELEIN, 


PLE. 


Sparkler Western Hemisphere 
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LETTERS TO THE EDITOR 


(Continued from page 4) 


words: “When we are unable to convince 


let us be 


willing to This 


might indeed be a worthy 


persuade.” 


catch line for 


the excellent presentation under discus- 
sion. 


PRIEN 


Cuartes H 


Head, 
Engineering Division 
Denver Research Institute 


Chemistry and Chemical 


Aye, We Do Protest! 


We would like to register a protest to 
the continued appearance in Chemical Engi 
neering Progress of technical 
installments 


papers by 
An occasional very long paper 
could possibly be printed at an earlier date 
by breaking it up, but the added inconven- 
ience and annoyance to the reader do not 
justify this as a continuing practice. This 
is especially true when reference must be 
made to technical papers appearing in sev 
eral previous issues. The major annoyance 
is well illustrated by the following quota- 
tion from “C.E.P.," March, 1952, p. 146: 
“Part Il, to be run in an early issue, will 
contain Notation, Literature Cited, remain- 
ing figures and all tables.” 


C. J. 

T. E. Drisko, Jr 

J. Frank VALie-Riestra 
Exvprep L. Dance 


Eucene S. DeHaven 


Dow Chemical Co., 

Pittsburg, Calif. 

/ “To be continued” or “Part I] will be 
run in an early issue” at the end of an 

article is the bete noire of some of our read- 


ers, who need the entire story in one issue. 


It is to be regretted that such needs cannot 
always be satisfied, for when an article runs 
beyond the normal length of six to eight 
pages, it must be broken up into install- 
ments so that chemical engineers with other 


interests will have something to read in 
their field. 


one of our main objectives, and the printing 


Diversity of subject matter is 


of an article of the length just referred to 
militates against the fulfillment of that pur- 
pose. Someday when income allows us to 


have a technical section of many more 


pages, we may not have to continue stories 
want the book to be of 
maximum interest to a maximum number 
of readers. 


but as of now we 


Tue Epiror 


A “Who's Who Wanted” 


Please continue the biographical sketches 


of suggested nominees in “C.E.P.” in fu- 
ture years. 

Wittiam S. Woop 
Springfield, Pa. 
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FOR BOTH— 
LARGE VOLUME... 

call on | 

| 


Chemical Service Valves 


CHEMICALS FOR INDUSTRY 


ROHM HAAS 
COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in principal fercian countries 


These Durco Type B Valves 
have been in sulfuric 

acid service at the Bristol, Pa., 
plant for more than 3 years. 


The Durco Type B Valves pictured here have been in service 
since 1950, handling corrosives ranging from dilute sulfuric acid 
at 150° F. to a mixture of concentrated sulfuric acid and organic 
materials at 200° F. 


. DURCO Type B Valves are heavy-duty chemical service plug 


Rohm & Haas Company manufactures plas- valves, cither top or bottom lubricated. They are available with 
tics, synthetic resins end chemicals fer « flanged ends in sizes from 1” to 8”, and with screwed ends from 
wide variety of industries. Among the 14” to 2” id - of DURCO athens 
ot theie 2 to in a wide range o corrosion resisting alloys 
is Plexiglas, their acrylic plastic. Plexiglas including Durimet 20, Chlorimet 2, Chlorimet 3, 18-8-S-Mo, 
is widely used for outdoor signs, trans- and others. 
parent aircraft enclosures, automobile stop 
and tail light lenses, nameplates for home 
appliances, and a host of other products. 


Write for Bulletin V2, and de- 
termine how DURCO can help 


solve your corrosion problems. 


fe, 
DURCO THE DURIRON COMPANY, INC., DAYTON 1, OHIO ) 
| 


seating surfaces stay 


...in CRANE 
18-8 Mo ALLOY TRIMMED 
ALLOY CAST IRON GATE VALVES 


This is the valve that cancels out seating surface corrosion econom- 
ically in many piping processes. Its seats, disc, and stem are Crane 
18-8 Mo alloy steel—an exceptionally high-grade stainless steel, 
highly resistant to most corrosive fluids. 


_ NOW IN SIZES UP TO 18 INCHES 


You'll recognize this valve pattern. It’s the same as the famous 
Crane all-iron wedge gate, with the same liberal metal sections for 
maximum strength, and with tie-ribs on bonnet and end flanges for 
extra resistance to line strains. The big difference in these No. 14477 
valves is: the body and bonnet are nickel low alloy cast iron, having 
much better physical properties and corrosion resistance than ordi- 
nary cast iron. 


TYPICAL APPLICATIONS 


In the Petroleum industry, these valves are giving outstanding service 
on oils with traces of mineral acids . . . in Wood Treating, on creosote 
vapors and oils ...in Pulp and Paper processing, on alkaline liquors 
of various kinds. In fact, No. 14477 valves are ideal for mildly corro- 
sive services where all-iron valves are inadequate but where it is 
uneconomical to use all-stainless steel valves. 
Cross-Section No. 14477 A new circular on No. 14477 gives complete specifications and 
ee nytt man lists new sizes available. Write direct, or ask your Crane Represen- 
o Alloy Trimmed 


Flanged Ends tative for a copy. 
WORKING PRESSURES: 200 pounds 
cold water, oil, or gas, non-shock. 
Sizes: 2, 2'4, 3, 4, 6, 8, 10, 
12, 14, 16 and 18 in. 


\ 


THE BETTER QUALITY... BIGGER VALUE LINE...IN BRASS, STEEL, IRON fer \ 
the 
CRANE VALVES 


BUYER | 
Branches and Wholesalers Serving All Industrial Areas eee 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
VALVES + FITTINGS + PIPE + PLUMBING + HEATING 
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UNIFORM HEAT 


FOR 


PROCESS INDUSPERIES 


DOW THERM gives you constant heat, controlled within 


fractions of a degree . . . eliminates spoiled batches, 


800 


FAHRENHEIT 


Dowtherm™ assures precise control over the entire pro- 
cess heating surface uniformly at temperatures up to 
750°F. With this modern heat transfer medium you can 
eliminate hot spots and overheating that cause ruined 
batches or runs... and save money on your heating 
costs, too. 

A liquid material used as a vapor heating medium in an 
entirely closed system, Dowtherm operates at high 
temperature, low pressure, and extends the advantages 
of ordinary steam-type heating to a much higher 


Vol. 49, No. 10 


uneven heating problems 


you can depend on DOW CHEMICALS 


Chemical Engineering Progress 


range of operating temperatures. 
Dowtherm was created by the Dow research team for 
the chemical, petroleum, paint, food and other process 
industries—has helped to increase production and even 
made possible new products. 

Countless installations have thoroughly proved the 
efficiency and cost reducing potentialities of Dowtherm. 
For complete information on these benefits and how 
they apply to your industry, write to THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Department DO 3-3B 


—" 
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Look at these features of the Model 604P5 Thermometer Controller 


GOOD READABILITY: SELECTION OF RANGES: 
indicates temperature on 414" scale. 23 different temperature ranges, up to 
QUICK CONTROL CHECK: 1000 F., in venmontat and cn 
readily visible red control pointer and calibrations, for vapor and mercury bulb 


systems. 
COMPACT DESIGN: 
die cast aluminum case 11” x 11", 4” deep; 


black indicating pointer. 
CONTROL AIR CHECK: 


front-mounted gauge indicates air pressure gasketed black plastic cover; practically 
to control valve. splashproof. Interchangeable flush or sur- 

VARIETY OF CONTROL: face mounting on panels of any thickness. 
direct or reverse acting pneumatic control SIMPLE SETTING: 


—either on-off or proportional action. external knob for adjusting control point 


f 
4 


7 A new, 


‘ from Honeywell 


M's processes which now use manual control 
can utilize the advantages of automatic 
operation at unusually low cost—by employing 
the new Brown Pneumatic Thermometer Con- 
troller. 


For the scores of ovens, vats, dryers and similar 
equipment which need only temperature indication 
and relatively simple control, this new instrument 
affords excellent control performance. It’s fast, 
accurate .. . and simple in design. It takes so little 
space that it can fit readily into existing equip- 
ment or on panels. 


Instrument and thermal system are complete in 
one package. The set point is easily adjusted by 
means of an external knob. The selection of con- 
trol actions, ranges and types of thermometer 


low-cost 


temperature controller 


bulbs covers literally hundreds of control applica- 
tions throughout industry. 


In spite of its low price, this controller is a preci- 
sion-built instrument which incorporates many of 
the long-lasting, high-quality components used in 
other Honeywell products. And it’s backed by 
Honeywell's nationwide service organization, stra- 
tegically located in more than 90 principal cities 
of the United States and Canada. 


Our local sales engineer will be glad to discuss how 
this new controller can be applied to your own 
temperature problems. Call him today .. . he is as 
near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4427 Wayne Ave., Philadel- 
phia 44, Pa. 


@ REFERENCE DATA: Write for your copy of new Bulletin 6401. 


H 


BROWN 


oneywell 


INSTRUMENTS 


Fits Control. 


HEAVY DUTY DOUBLE-ARM 
MIXERS in tilting and 
stationary bowl models... 
for atmospheric, reduced, 

or elevated pressures... 
with single, multiple, or 
variable-speed drives and 
temperature controlling 
jackets... overlapping 
mixing arm action eliminates 
dead spots... sigma and 
other type mixing arms... 
working capacities one 
quart to 1500 gallons. 


LABORATORY MIXERS for the 
most exacting types of laboratory 
mixing ... built in working capacities 
of one, three, six and 20 quarts. 


VERTICAL MIXERS, planetary 
action, for processing of dry 
materials, creams, emulsions, and 
light plastic masses... a complete 
line with multiple beater speeds and 
designed to accommodate several 
sizes of bowls... many 

auxiliary attachments available 
...12 to 175 quarts. 


SPIRAL RIBBON MIXERS for 
continuous or batch blending and 
mixing of pulverized, granular dry 
or wet materials... operation under 
pressure or full vacuum... with or 
without temperature controlling 
jackets... working capacities 

one to 500 cubic feet. 
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What's Sauce for the Goose... 


Already there is a mounting body 
of evidence to suggest what the out- 
come will be if science hesitates to 
extend itself and withdraws into the 
security of only those ‘facts’ that can be 
weighed and measured, or entered in the 
coding devices of electronic computers. 
In a mass-educated society people crave 
enlightenment . . . Much of the faddist 
and crank behavior that perplexes 

the scientific community, often giving it 


the sense of being surrounded by a sea 


of irrationality, belongs in a grouping 
titled ‘vacuum phenomena.’ ; 
Whenever large numbers of individuals 
are willing to make themselves ridicu- 
lous in the face of orthodox opinion, at 
a cost of which they are quickly made 
aware, there is likely to be an element 
among their motives that is not ridicu- 
lous at all. Much harm was caused by 
the . . . mental invalids who claimed 
to have seen flying saucers, but much 
harm was also caused by scientists who 
persisted in offering explanations that 
did not explain, insisting that no others 
were needed and labeling all disagree- 
ment hysterical 
Eric Larrabee 
Harper's Magazine 


A Practical Theorist 


Despite his achievements in science, 
the University professor is still regarded 
as an impractical person who never 
comes to grips with realities of a hard 
world that demands not theories but 


| dividends earned by reaping machines, 
| electric lamps, steam engines, and tele- 


vision. No one is so impractical as the 
practical business man, a sentimentalist 
who believes that what was good enough 
for his father is good for himself and 
who does not therefore welcome tech- 
nical innovations and changes. There is 
nothing sentimental about a university 
theorist. He is far more ruthless than 
any Tamerlane, not for the sake of 


| cruelty but for the sake of objectivity. 


If a theory no longer works he either 
modifies it until it does work or casts 
it aside for something better. This is 
the very essence of practicality. 
Waldemar Kaempftert 
Explorations in Science 


There is a choice before us between 
free and design research, or as I see it, 
between supporting the man or the ex- 
perimental design. Let us support the 
man. 


Curt P. Richter 
Science 


October, 1953 
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The initial-cost economy of Schedule 
5 and Schedule 10 stainless pipe is always 
attractive but only pays dividends to the 
careful buyer. He is willing to remember 
that light-weight pipe frequently requires 
added supports or hangers and always 
requires special fittings. He also remem- 
bers that alignment problems may require 
a longer installation time. Therefore, he 
balances the attractive initial cost against 
installed cost. 

The buyer also thinks of the adaptabil- 
ity of new piping to existing lines and 
possible future requirements such as in- 


STAINLESS 
PIPING 


‘Schedule 9 and Schedule | 10 


creased operating pressures. 

B&W manufactures all the standard 
pipe size schedules in a complete range of 
stainless steel grades. Thus, a buyer can 
obtain stainless pipe to meet any and every 
individual requirement. 

Ic will pay you to analyze your opera- 
ting requirements carefully and choose 
your stainless pipe on the basis of installed 
cost rather than initial cost. For any advice 
on stainless pipe or tubing, Mr. Tubes— 
your impartial B&W Tube Representative 
—is always on call. 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 
Beaver Falls, Pa.— Seamless Tubing; Welded Stoiniess Stee! Tubing 
Alliance, Ohio—Welded Carbon Stee! Tubing 


Chemical 
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Here’s a Bl A filter 


that costs less to operate 


The Niagara Style “H” Filter will 
filter liquids to high clarity, at rates up 
to 30,000 GPH. 

It also gives you easy recovery or dis- 
posal of as much as 150 cu. ft. of solids 
at a time. 

Sizes range up to 1,500 square feet of 
working filter area in one compact, 
leakproof unit. 


CLEANED IN A FEW MINUTES 


Cake discharge is faster than any- 
thing you've ever seen in a filter this 
big. Cakes can be blown dry in the 
filter, are then dropped into a discharge 
hopper simply by rapping the all-metal 
leaves with a rubber mallet. That's all 
there is to it. 

The filter in the picture is opened, 
cleaned, and closed in less than ten 
minutes, by one man. It can be taken 


off-stream, drained, opened, cleaned, 
closed, filled, and precoated in less 
than 30 minutes, 


IDEAL FOR CORROSION 
RESISTANCE 


The simple fabricated shell can be 
constructed in stainless steel and special 
alloys for corrosion resistance, and can 
be readily and cheaply jacketed. Special 
construction, to match your needs, 
costs far less than usual for a filter of 
this size. 


COMPLETE FILTRATION SERVICE 
How can we help you? We're equipped 
to test samples for filterability . . . pilot 
the filtration for you . . . design, build 
and install a filter or a complete system 
to fit your process. 


To get details quickly, just write us or mail the coupon today. 


Filles wwision 


ae AMERICAN MACHINE AND METALS, INC. 


AMAZINGLY FAST CLEANING 
All-metal filter leaves roll out of 
filter as a unit. Operator taps the 
leaves to drop cake into trough, 
hopper, or wagon. Then he returns 
clean leaves into filter which locks 
pressure-tight with one swift motion. 


NIAGARA VERTICAL FILTERS ore 
leakproof, pressure-tight; quickly 
cleaned between cycles by one man. 


NIAGARA FILTERS Division, American Machine and Metals, Inc. 
Dept. CEP-1053, East Moline, Illinois 

Please send information 
on Niagara Filters for 


(product or operation 


Name 
Title 
Company 
Dept. CEP-1053, East Moline, Illinois Addvecs 
City Zone 
IN EUROPE: Niagara Filters Europe, 36 Leidsegracht, Amsterdam-C, Holland 
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THIS IS 


IRDLER 


The three Girdler gas plants 
at the Philadelphia Electr 
Company. They produce 
“carrier gas’’, of very pre- 
cise composition, by cat- 
alyti cracking 


GOING UP...SAFELY! GIRDLER DESIGNS processes and plants 


GIRDLER BUILDS processing plants 
Another process plant by Girdler 


N OUTSTANDING SAFETY RECORD in plant construction is GAS PROCESSES DIVISION: 
\ evidence of our special skill in handling jobs involving COr- Processing Plants Plastics Materials Plonts 

ive vase acting ‘ratures anc high pres- Hydrogen Production Plants Sulphur Plants 
rosive gases or fluids reacting at high temper ures and high 
sures. By centralizing responsibility with Girdler, you make sure Of Synthesis Gas Plonts Ammonia Plants 

linati d ire We're e handle Carbon Dioxide Plants Ammonium Nitrate Plants 

proper coordination and sound results... We're equipped to handle G4, purification Plonts Hydrogen Chloride Plonts 
the complete job of designing, engineering, and building. When Catalysts and Activated Carbon 
considering new process plant construction or modernization, put 
Girdler’s experience to work in the planning stages. For complete 
information, call the nearest Girdler office today. 


VOTATOR DIVISION: COMPLETE EDIBLE O11 PLANTS 
CONTINUOUS PROCESSING APPARATUS FOR... 


Strained Food Bekery Ingredients Lubricating Grease 
Salad Dressing Confectioneries Paraffin Wax 
Soup Citrus Concentrates Resins 


“the Margarine Chemicols Paper Coating 
— lerd Textile Size And other Products 
Shortening Shaving Cream 
A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
LOUISVILLE 1, KENTUCKY THERMEX DIVISION: HIGH FREQUENCY DIELECTRIC 
HEATING EQUIPMENT APPLIED TO... 

GAS PROCESSES DIVISION: New York, Tulso, San Francisco 
VOTATOR DIVISION: New York, Atlanta, Chicago, San Francisco Foundry Core Baking Rubber Drying and Curing 
in Canada: Girdler Corporation of Canada Limited, Toronto Wood Bonding Plastic Preform Preheating 
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%PROPORTIONEERS% continuous, 
flow-proportional chemical feeders 
put alum dilution on an automatic 
basis at the new St. Regis Paper 
Company's plant in Jacksonville, 
Florida. Commercial liquid alum, a 
highly corrosive material, is fed effi- 
ciently and accurately by %Propor- 
tioneers% Treet-O-Units to make up 
the desired alum concentration re- 
quired by the papermaking process. 
This controlled dilution of alum helps 
insure correct sizing and adequate 
wet strength in the finished paper. 


Photo courtesy St. Regis Paper Co.— All equipment shown in 
red in photo and flowgram furnished by %Proportioneers, Inc.% 


Commercial liquid alum received in tank cars or trucks is 
unloaded into storage tanks. 


ws Treet-O-Control meter responds to flow of fresh water. 


Air-operated Treet-O-Units feed concentrated commercial 
alum at correct rate to maintain proper alum dilution for 
papermaking process. 


4) Dilute alum to process (machine stock chest or fan pump). 


%Proportioneers, Inc.% invites inquiries on all 
types of continuous, automatic processing applica- 
tions: proportioning, sampling, blending, diluting, 
feeding. See how our chemical feeding “packages” 
can simplify processing operations and reduce 
operating costs. Write for Bulletin 1400. 


Write to %PROPORTIONEERS, INC.%, 419 Harris Ave., Providence 1, R. I. 
Technical service representatives in principal cities of the United States, Canada, Mexico, and other foreign countries. 
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Opinion and comment 


SECRET SELECTIVE SERVICE? 


—— is seriously amiss with the selective 
service practices of this country. An unwelcome 
change has been detected in the attitude and draft 
deferment practices of the selective service ofhcials 
by the Engineering Manpower Commission. Since 
December of last year, according to the Engineering 
Manpower Commission of Engineers’ Joint Council, 
there has been an over-all reduction of one sixth in 
industrial occupational deferments. At the end of 
1952 there were in this country 31,000 occupation- 
ally deterred selective service registrants and by 
June 30 of this year the number stood at 25,797. 

Full details of the change are not apparent since 
no directives have come out 
which spell out a change in procedure. But the 
Engineering Manpower Commission feels that there 
seems to be some sort of understanding that occupa- 
tional deferments should not extend beyond a two 
year period regardless of the work being done by 
the registrant. 

How much better it would be if the selective 
service director were to inform employers and em- 
ployees too of any change in policy. It is always 
easier to plan, of course, if one knows official atti 
tudes. However, if there has been a change, and 
if there is a secret understanding by selective service 
officials that no man shall be deterred more than 
two years, we believe such secret diplomacy can do 
more lasting damage than an out-and-out avowal 
of any change in policy. 

‘The number of men who have been deferred by 
selective service for occupational need is minor com 
pared with the whole manpower pool. Out of some 
thirteen and one-quarter million of draft age, only 
31,000 have been deferred. Surely this is a small 
enough segment to be made available to industry and 
an unspectacularly small segment to be singled out 
for special secret treatment. 

If this country is to have universal military serv- 
ice, or universal military training, it would be better 
if the electorate knew it. If the attitude of selective 
service is now that every boy of draftable age must 
serve his allotted term in the army, let it say so, and 
let the people plan accordingly. 

As for the proper action under such a threat of 
the drafting of key men, the advice to industry is to 
continue to fight for each man and to appeal each 
case important enough to warrant such a protest. 


of selective service 
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These are difhcult times for the American people. 
We not only suffer abroad from secret diplomacy 
we are very much in the dark about our own nego 
tiations—but much more difhicult it is when 
we do not even know domestic attitudes and poll- 


how 


cies. Is it any small wonder that a peculiar type of 
lethargy has settled over the average citizen of the 
United States: The right of people, the right of in 
dividual citizens, the right of groups, and the right 
of industry to know is unassailably basic and pri- 
mary. It should not be violated by dicta. 


THE CHEMISTS’ CLUB LIBRARY 


he Chemists’ Club Library is making its annual 
request for maimtenance funds to supplement the 
A valuable 
source of rescarch for the engineer and other scien 
tists, the library makes available current and back 
issues Of some 260 technical publications. There are 
50,000) volumes, including standard foreign and 
American reference works, on the library shelves. 

Because the amount of published technical in- 
formation is constantly growing, the Library funds 
must be Ihe last Annual Index to 
Chemical Abstracts, tor example, the Library re- 
ports is as large as the first Decennial Index. ‘To 
keep the Library abreast of this flow of literature, 
W. F. 
appeals for funds trom industry and individuals 
whose work depends upon the published work of 
earlier investigators. 

“ “To search the literature, Dr. George contin. 
ues, “becomes a more formidable task with each new 
research project. Without a living, growing Chem 
ists’ Club Library, it can become a prohibitively 


amount available from the club income. 


increased. 


George, president of ‘The Chemists’ Club, 


time-consuming and costly prelude to progress. 
Without a growing Chemists’ Club Library the day 
could come when thousands of intermediate reac 
tions and processes would have to be paintully 
worked out from a blank sheet of paper. Conceiy 
ably, without a repository of yesterday's accomplish 
ments, tomorrow can be shrouded in a descending 
veil of chemical darkness. 

“That we and our industry have prospered be 
yond belief is due in great measure to the unim 
peded flow of technical information upon which 
. Let's be 
certain that generations yet unborn have access to the 
technical background of today's operations.” 


each new project could be evaluated . 
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FOR TOUGH JOBS 
ARE MADE WITH 


One sure answer to tough gasketing prob- 
lems is the versatile corrosion - resistant 
TYGON family of plastic compounds. For, 
TYGON not only resists acids, alkalies, oils, 
greases, some solvents, and water — but, 
is strong, resilient, abrasion-resistant and 
light in weight. TYGON is also imperme- 
able, non-contaminating and non-oxidizing. 
TYGON can be used for virtually any 
gasketing job in chemical processing and 
general industrial equipment — wherever 
positive, enduring seals or separators are 
required. For food and beverage uses, special 
non-toxic Compounds are also available. 


For service as gasketing, TYGON is made 
in a number of standard compounds, trans- 
lucent or glossy black, which offer a range 
of physical, electrical, and chemical proper- TYGON GASKET — in service against 85% acetic acid, at 160°- 


. , . 175°F lasts over a year compared to a few weeks service from 
ties for almost any application. tubber. Photo courtesy Hofiman-LaRoche Inc. 


TYGON gaskets can be die-cut from calen- 
dered or press-polished sheets (,',” to 12” 

thick); can be molded in practically any LINING 
size or shape; or, can be extruded as tubing, 
solid cord, or channel in continuous lengths. aon 


Write today, for further information and 
technical assistance on the use of TYGON 
as gasketing. Ask also about the other uses 
of this versatile plastic that can help you 


5 : fully flexible, glass- long lasting, heavy quickly applied, fast 
combat corrosion. clear, mirror - smooth duty sheet TYGON drying protection 
for safe, speedy trans- to withstand virtually against corrosive 
mission of liquids, all chemicals. fumes and spillage. 


gases and semi-solids. 


VISIT BOOTHS 10-12-14 — NOV. 30 - DEC. 5 
24th Exposition of Chemical Industries, Philadelphia 


U. S. STONEWARE 


AKRON 9, OHIO 


PLASTICS AND SYNTHETICS DIVISION 
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The A.E.C. or C.W.S. Air Filter 


David H. Northrup has been vice-president and general 
manager of the Filter Division of the Cambridge Corp. 
since that organization was formed in 1950. He went there 
from the Carrier Corp., Syracuse, N. Y. Prior to World War 
ll, Mr. Northrup was associated with Armstrong Cork Co. 
and from 1941 to 1945 he served on active duty with the 
U. S. Navy with the rank of commander. Mr. Northrup, a 
native of South Dakota, was graduated from Yale University 
in 1936. 
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ee the past ten years a new air 


filter has opened for industrial ap- 
plication an entire new field in air clean- 
ing. For the first time air, essentially 
free of suspended matter, is attainable 
at reasonable cost. Though generally 
ignored because it is almost invisible, 
air-borne matter is ever present and can 
not be considered lightly in many situ 
ations, particularly where there ts ra 
dioactivity. The concentration ot par- 
ticles in ordinary air, is tremendous; 
there are generally from 5,000,000 to 
30,000,000 or even more individual pat 
ticles /cu.ft. These particles may be dust, 
fume, or smoke. Dust which consists of 
solid matter resulting from natural and 
mechanical processes of disintegration 
and dispersion, includes mineral and 
vegetable matter, pollen, spores, bac 
teria, soot, ash, and both domestic and 
industrial debris. Fume, which may be 
either liquid or solid, is produced by 
chemical action or volatization, Smoke, 
either liquid or solid, results from com 
bustion or destructive distillation, Most 
air-borne matter is in the size range ot 
0.2 to something more than 1 p, a micron 
being approximately .0O0004 in. These 
small particles often should be removed 
from the air because they lead to prob 
lems in industrial processes The A.E.C 
filter, a strainer type of dry filter, re 
moves practically all of these tiny par- 
ticles. 

As late as the middle 1920's, little 
thought had been given to air filtration 
ind there were few installations. His- 
torically the development of these ai 
filters began with the production of spe 
cial filter papers for gas masks and other 
military uses during Word War II 
The protection of military personnel 
in combat against poisonous dusts and 
fumes required an intensive study of 
air-borne dusts and mists and of means 
for removing them 

Today there are all sorts of air filters 
and filtering materials, which are gen- 
erally grouped into five major classi- 
hicatior (1) electric precipitators ; (2) 
Viscous metal, glas , plas 
tic; (3) dry type—paper, wool, felt; 
(4) washers: and (5) centrifugal de- 
vice Viscous impingement and dry 
filters are available in cleanable units 
or throwaway units. The cleanable one 
may be automatic or manual. Washers 
ind centrifugal device are more gen- 


erally used tor dust collection in areas 


where there is a heavy dust load 

The filter paper u ed in the C.W-S.- 
type filter was developed during World 
War II for the Office of Scientific Re 
search and Development (OSRKD) and 


the Chemical Warfare Service (C.W 
S.) by Arthur D. Little, Inc., in Cam- 
bridge, Mass. When this filter paper 
was first used in gas masks by C.W.S. 
at Edgewood, Md., it was on the classi- 
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fied list. In 1946-47 the Atomic Energy 
Commission became interested in the 
paper for use in a space filter and started 
a major development program. In 1950 
this filter was declassified and 
available to industry. 


made 


Removal of radioactive particles is an 
extremely important function of A.E.C. 
In the early days there were no filters 
available in convenient form and _ size 
with proper pressure drop. For lack of 
a better means radioactive particles were 
removed by brute force from large 
quantities of air for processing, labora- 
tory hoods, and reactor cooling. If a 
6-in. depth of filter medium lightly 
packed failed to provide the desired 
cleaning efficiency, either denser packing 
or a greater depth was necessary. One 
installation on the West Coast had 6 ft. 
of filtering medium packed into an ex 
haust pipe before satisfactory cleaning 
was obtained. Forcing the air through 
this filtering medium required such high 
pressure that instead of 
fans were used on the exhaust system. 


compressors 


A.E.C. Filter Paper 


The secret of the high efficiency of the 
A.E.C. filter lies in the filter paper 
which is a soft, feltlike asbestos bearing 
cellulose paper about 0.034-0.040 in. in 
thickness. The fibers, sub- 
microscopic in size, are evenly distribut 
ed throughout the paper. The novel fea 
ture of this filter is high efficiency in 
a thin low-resistance sheet. 


asbestos 


The rate of air flow in a unit area of 
filtering surface must be kept low for 
high filtering efficiency. A multipleated 
design meets this requirement. The 
filter paper in one continous strip is 
formed into a closely pleated construc 
tion. The popular size 24 in. square 
and 11% in. deep has close to 250 sq. it. 
of filtering surface and a rated capacity 
of 1,000 cu.ft./min. The capacities oi 
other standard size units range from 25 
to 1,250 cu.ft./min., 

To allow air passage corrugated paper 
separators are inserted on both sides of 
the filter. The air passes down the flutes 
of the separators on one side, through 
the filtering medium, and out through 
the tlutes of the separators on the othet 
side. The filter package, consisting of 
the filtering medium and separators, is 
tightly sealed with adhesive into a frame 
made of 34-in. plywood. To avoid leaks 
a bead of adhesive edges the filter on 
both sides. 


A.E.C. Filter 

The A.E.C. filter (Fig. 1) has 
an efficiency of 99.95% or better based 
on 0.3) w particles or a_ penetra 


tion of 0.05% or less. In other words, 


of every 1,000,000 submicron particles in 
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AEC PLEATED 
PAPER AiR FILTER 


» 


Fig. 1. Detail of end view. 


the air stream entering the filter, fewer 
than 500 pass through. After 70 hr. of 
operation in atmospheric dust, fewer 
than 50 of 1,000,000 particles penetrate 
because of the gradual build-up of dirt 
on the filter paper. The fact that filters 
have a static resistance of 1 in. of water 
at rated air flow gives this filter the low- 
est known ratio of efhi- 
ciency. It will withstand operating tem- 
peratures up to 250° F.; however, pro- 
longed operation at 220° F. or 
will deteriorate the filter medium. 


resistance to 


above 


Filter Tests 


Because of the severe requirements 
for A.E.C, filters, each is individually 
tested for leakage by a special method 
known as a dioctyl-phthalate or DOP 
smoke test. The two test methods most 
frequently used on other air filters for 


general ventilation are: (1) the weight 


test and (2) the photometric or black 
ness test. 
The weight test, designated in the 


American Society of Heating and Ven- 


tilating Ingineers Code, is performed 
by collecting the dirt which penetrates 
the filter, weighing it, and comparing it 
the 


stream. 


amount injected the air 
To test in 
of time, dust concentrations many times 


that of atmospheric dust must be used. 


with into 


a reasonable length 


This method is practical for checking 
the 


performance of most mechanical 
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filters, but it would be almost impossible 
to collect a weighable quantity of dust 
on the downstream side of the A.E.C. 
filter. 

The photometric test, developed at 
the National Bureau of Standards, mea- 
sures the discoloration properties of air 
before and aiter filtering. Samples of 
upstream and downstream air of the 
filter under test are drawn through sin- 
gle sheets of white chemical filter paper. 
The discoloration of each sheet is mea- 
sured by checking the amount of trans- 
mitted light before and after sampling. 
$y adjusting the size of the spots or the 
length of time of sampling, equal dis- 
coloration is obtained upstream and 
downstream, and the efficiency of the 
filter under 
spot 


function of the 
sampling times. This 
method is used to rate electrostatic filters 
with atmospheric dust and can be used 


test Is a 
S1Zes or 


to rate lower efficiency filters with re- 
constituted dusts, each test taking from 
several minutes to several hours, accord 
ing to the efficiency of the unit undet 


test. This test would likewise be im 
practical for the A.E.C. filter. 
It is obvious, of course, that every 


A.E.C. filter produced must be tested. 
Faulty filters in exhaust 
radioactive processes would result in the 


systems for 


release of radioactive particles and en- 
danger the health of individuals in sur- 


rounding areas. In supply air systems 
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release of particles might destroy an 
entire batch of an expensive product. 
The weight and photometric tests men- 
tioned above, which are laboratory rat- 
ing methods, are wholly inadequate for 
A.E.C. filters both from the 
standpoint of time and of ability to 


testing 


determine efficiencies on fine particles 
accurately. For 
dioctyl-phthalate smoke teste1 
signed and built for quick and accurate 


this reason a special 
Was de 
efficiency tests. In this machine, which 
evolved from work done during World 
War II on screening smokes and on gas 
masks, fumes 
tyl-phthalate liquid to give particles of 
practically uniform size and concentra- 
tion. For this test the particle size is 
Where filters are 


are generated from dioc- 


maintained at 0.3 yp. 


tested in an air stream containing these 
particles, an 
efficiency can be taken. Actual measure- 


instantaneous reading of 


ment of the concentration of smoke pal 
ticles upstream and downstream in the 
filter under test 
the amount of scattered light when sam 


is made by recording 


ples of each are passed through a scat 
tering chamber. 

The 0.3 yw particle size was selected 
for use in because con 
sider it the most difficult size of particle 
Larger particles are caught 
the filter 
subject) to the 
result of 


testing many 
to remove. 
im the 
smaller 


interstices of medium ; 
particles are 
Brownian movement. As a 


random movement, these smaller pat 
ticles have a tendency to be caught. The 
0.3 mw particle seems to conform with 
the airstream and work its way through 
the medium. 


Figure 2 shows a piece of filter paper 


removed from a filter which had been 
in operation for several thousand hours. 
Because the filters have a large dirt- 


Fig. 2. Filter package after several thousand hours of operation. 
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Fig. 3. Photomicrograph of filter paper (cross-sectional view). 
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collected all the 


lding dirt 
way down the pleat. The white stripes 
occur where the peaks of the separator 
filter 


capacity, 


tlutes were in contact with the 
paper. The dirt collected is extremely 
dark—almost black These tie black 


particles are always present in the at- 


mosphere but because of their minute 


size are generally invisible However, 


when concentrated these particles cause 


trouble in industrial processes and are 
responsible tor the smudging which 
frequently appears around air outlets 
Figure 3 shows a cross-sectional pho 
tomicrograph of filter paper O40) in. 


Much dirt has this 
paper, but there has also been a substan 
tial collection in depth. The dirt 
penetrated to a depth of approximately 
50% 
approximately 


thick built up on 


has 


thus leaving a margin of satey ot 
50% There is no evi 
dence of any dirt having gone through 


the papel 


Types of Installations 


used in three mayor 
(1) exhaust air, (2) 


These filters are 
types of systems: 
supply ventilation air, and (3) process 
air. 

Exhaust air uses are those found 
primarily at A.F.C, sites. However in 
dustrial and medical establishments niust 
remove poisonous particles from the au 
stream betore dispensing it to the out 
side area. In exhaust systems location 
of the filter depends on the type of ap 
plication, The exhaust may be filtered 
from a particular hood or from a central 
station for the entire system. Figure 4 
shows a sketch of a central filtering sys 
tem. Exhaust systems may be single 
or multiple units. 

In supply air systems it is strongly 
filters be im 


stalled in a part of the system which 1s 
to imsure that 


recommended that 
under pressure, Figure 5, 
any leakage in the clean part of the sys 
The filter bank i 
for checking 


tem will be outwards 
located to give easy acce 
ud changing filters. A plenum cham 
ber, usually 3 to 4 it. long in the direc 
and as large in cros 
section as the filtes 
bank, is required upstream of the filter 

Access to the dirty air side is necessary 


tion of air flow 


lace area ot the 


only for servicing and changing 


Supply ventilation air uses are found 
primarily in industry requiring the high 


est degree of air cleaning, such a 


pharmaceutical manufacturing An in 


stallation for supplying ventilation air 


in a leading pharmaceutical plant i 
shown in Figure 6. Thi ystem cor 
sists of forty 1,000 cu.ft./min. unit 


for a total capacity of 40,0009 cuit. /min 

Prefilters are 
economy according to dust concentration 
filtered filter 


reserved for filtering finer 


recommended only for 


im being 
should be 
particles 


from the airstream, 
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installation includes a drait 
gauge to measure the pressure drop 
the filter bank. The allowable 
pressure-drop limit established by the 
design engineer indicates when filters 
are to be clianged. If filters are installed 
according to rated capacity, the initial 
pressure drop for the installation will be 
1 in. of water. 


across 


Generally filters are 
changed when the pressure drop has in- 
creased 1 in.; however, filters can be 
operated satisfactorily at higher pres- 
sure drops—up to 6 in. Usually the fan 
capacity ot the system determines filter 
changes; filters should not be left in a 
system after resistance has resulted in 
a substantial decrease in air flow. 
Tightness is the primary concern in 
all installations. The filters provide an 
almost complete barrier to the passage 
of all particles in the air stream, but 
one leak in the installation by-passing 
the filters could nullify the effectiveness 
of the installation. An all-welded casing 
of I8-paugve sheet steel is recommended 
as a simple, adequate means of holding 
the filters firmly in place. A_ positive 
seal of a tape which has excellent ad- 
hesive qualities, moisture resistance, and 
long life is applied carefully at the face 
of the filter bank. Filters with ™%-in. 
sponge rubber gaskets on one or both 
faces of the frame are available. The 
for this type of installation 
usually requires a clamping device com- 
pressed against the gasket to provide 
a tight seal. 
Process air 


design 


uses generally require 
compressed air systems. Since the filter 
is designed for low-pressure systems, it 
is installed on the inlet side of com- 
A few special units have been 
used in pressure applications. Another 
use is providing sterile air to antibiotic 
lermentors 

Oiten the question is asked, “Will this 
filter remove smoke?” A DOP test 
based on 0.3 jy smoke particles was 
described The effectiveness oi 
the filter medium on cigarette smoke, 
which ranges in size from 0.01 to O.lp, 
can be clearly shown with the “Smoke 
demonstrator 
two transparent tunnels with the large 
ends separated by a sheet of filter paper. 
A cigarette in one end of the “Smoke 
stop” is lhghted and smoked from the 
end. All smoke collects in the 
funnel. No visible smoke passes through 
the filter medium 


pressors., 


above 


stop” which consists of 


other 


Economy 


filter installation de- 
pends primarily on the frequency with 
which filters have to be changed or, in 
words, on the life of a set of 
The lite of filters varies, with 
much depending on the dirt conditions 


The cost of a 


other 
filters 


in the area in which the system operates 
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and on the type of prefiltering. The 
initial cost of a system is not large. 
Once filters are properly installed, the 
only operating cost incurred until filters 
have to be changed is the slight ad- 
ditional cost for power to operate the 
fan. Experience indicates that filters 
will last, on an about 18 
months. Annual operating costs for a 


average, 


10,000 cu.ft./niin. system generally run 
between $55 and $65/1,000 cu.it./min. 

A new high temperature filter similat 
in design to the filter described above 
has recently been developed by Arthu 
D. Little, Inc. The filter medium is an 
asbestos bearing glass paper pleated in 
the same manner as the A.F.C, filter and 
inserted in a metal frame. Corrugated 
aluminum separators are used instead of 
paper The performance of 
both filters is comparable. 


separators. 


D. H. Northrup: These filters will with- 
stand very humid conditions. A filter oper- 
where the moisture was 
rolling off the walls of the room did not 
fail. However, after a certain period of 
time the pleats will tend to buckle. We do 
not recommend using A.E.C. filters immed- 
air 


ated in an area 


iately downstream of washers or 


spray dehumidifiers. 


Anonymous: What is the effect of oil par- 
ticles on A.E.C. filters ? 


D. H. Northrup: 
up well against oil particles. 


rhe A.E.C. filter stands 
The dioctyl 
phthlate smoke which we use in our DOP 
test is an oily smoke and has no effect on 
the filter. 


D. A. Smith (Humble Oil & Refining Co., 
Jaytown, Tex.) : Would this filter be use- 


ful for removing the sulfuric acid mist 


| TOLKHAUST FAN | 


| 


CLEAN PLENUM 


OQIRTY PLENU/I 


AEC FUTERS 


EXHAUST AlR FRO/1 RADIOACTIVE HOODS 


Fig. 4. Sketch of exhoust system. 


Discussion 
M. Bedrick (FE. RK. Squibb & Sons, New 
Brunswick, N. J.): Are A.E.C 


in place of or in conjunction with electro- 


filters used 


static filters? 

filters are 
A.E.C. 
In other installations they are used 


Electrostatic 
pretilters to 


D. H. Northrup: 
frequently 
filters 


used as 


in place of electrostatic filters. 


Anonymous: How much pressure drop will 
the A.E.C. filter withstand ? 

D. H. Northrup: Although it is usually im- 
practical to operate with as much static as 
10 in., the 
been tested to withstand such pressures, 


Anonymous: \V hat 
have on the A.F.C 
predry the air before using these filters ? 


6, 8, or filters nevertheless have 


ck es yistur 4 


effect 


filter? Do vou have to 
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which carries through Cottrell precipitators 
on hot air sulfuric acid concentrations ’ 


D. H. Northrup: Sulfuric acid tends to dis- 
integrate the filters. At first it might be in 
such low concentration that there would be 
no breakdown of the filter. However, as it 
began to build up on the filter itself, a dis- 
take effect 
This difficulty could possibly be overcome 


integration would gradually 


with the new glass paper which I have 
previously referred to. 

D. W. Correll (Kaiser Aluminum Co., 
Baton Rouge, La.): Why are prefilters 


used before the A.E.C. filter? 


D. H. Northrup: Prefilters are used to re- 
move the coarser dirt particles. In other 
\.E.C. filter is a polishing filter 
and consequently should be used for re- 


words, the 
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Fig. 5. Sketch of supply air system. 
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Fig. 6. 40,000 cu.ft./min. system in filling room of pharmaceutical plant. 


Progress 


moval of only tine particles. Removal ot 
coarser particles can be accomplished more 


economically with various prefilters 


D. W. Correll: You mentioned the A.E.C, 
filter was effective against oil particles. 
How would this filter stand up agamst tar 


fumies 


D. H. Northrup: Tar tumes would have a 
tendency to plug the filter rapidly Thu 


filter would remove tar tumes satistactorily, 


but the life of the filter would be limited 


D. W. Correll: What temperatures will the 


filter withstand ? 


D. H. Northrup: filters can be oper- 
ated under constant temperature up to 
220° F., or occasionally up te 250° FF. blow 
ever, above that they will gradually break 
down Howeve the new glass filter 
just developed is similar to the present 
\.EC. filter in every respect as far as 
etheiency, design, and pressure drop are 
concerned, This new filter has an asbestos 
bearing glass paper filter medium. Instead 
of a plywod frame, a metal frame ts used; 
instead of paper separators, aluminum toil 
is used. This filter will withstand temper 


atures exceeding Soo | 


G. R. Eudoley, Jr. ( The Texas Co., Port 
\rthur, Tex.): | noticed that in the ex 
amples presented of mstallations of greater 
than 1,000 cu.it./min. capacity a battery of 
1,000 cu.ft./min. units was used. Are higher 
capacities customarily achieved in this man 
ner, or do you make individual units of 


more than 1,000 cu.ft./min. capacity 


D. H. Northrup: Large cu.it./min. systems 


are, in general, built up with individual 


1000 cuft./min. cells, although any size 
unit up to 4 ft. square can be made. The 
1,000 cuit./min. unit is the most practical 
size. It weighs approximately 45 Tb. and is 


easy tor one man to handle 


Presented at Bilori meeting 


CORRECTION 
In "The 


Separation of Gases by 


Means of Porous Membranes,” Part II, 
authored by H. FE. Huckins and Karl 
Kammermevyer June, 1953), 


an error occurs on page 295 in explain 
ing Equation (19). It should be as tol 


lows 


where 


As printed the minus sign was miss- 
ing from before AC in B oe oe 
before Y in C = 


Page 517 


j 
| 
ong 


M. Doumas and R. Laster 


he process of fluid atomization is ra- 

pidly gaining importance in the chem- 
ical industry as well as in other tech- 
nological advances. Spray drying, spray 
cooling, spray absorption and extraction 
are some examples where atomization 
plays an integral part of the operation. 
The commonly performance 
measure of the atomizing step is the 
drop-size distribution resulting from the 
atomizer. Knowledge of this distribu- 
tion permits calculations of the amount 
of surface generated and opens the pos- 
sibility of further technical develop- 
ments on the processes just mentioned. 

Techniques commonly employed for 
the dispersion of liquids are two-fluid 
nozzles, centrifugal (spinning) 
and pressure nozzles. 

The purpose of this study was to de- 
termine the and film) thick- 
nesses of the liquid sheet issuing from 
centrifugal pressure nozzles. The bulk 
of the work reported covers a series of 
centrifugal obtained from 
Spraying Systems Co. under the trade 
name of Whirljet nozzles. Data and 
correlations were obtained using water. 


accepted 


dises 


velocities 


nozzles 


Correlations were obtained that per 
mit the computation of the liquid sheet 
velocities film thickness from the 
knowledge of the physical dimensions of 
the spraying nozzles and the fluid pres- 
sure. These computations are broken 
down into calculations of the liquid flow 
rate, the spray angle, and the dimension 
of the air core at the center of the noz- 
The size of the 
air core was found to be dependent on 
the properties of the spray nozzle and 
independent of pressure. 


and 


zle discharge orifice. 


Literature Review, General Considerations 


Atomization 
two (a) 


consists of 
formation of fila- 


essentially 
stages the 

For complete tabular data order document 
4062 from A.D.1. Auxiliary Publications Photo- 
duplication Service, Library of Congress, Wash- 
ington 25, D. C., remitting $1.25 for microfilm 
(images 1 in. high on standard 25-mm. motion- 
picture film) or $1.25 for photoprints readable 
without optical aid. 
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ments and (b) the filament disruption 
into droplets. 

Lord Rayleigh (5) has shown that a 
liquid cylinder is unstable and that the 
slightest disturbance will cause severe 
distortions, with an eventual collapse 
into droplets. 

The formation of filaments is accom- 
plished by spreading a liquid out into a 
thin sheet. The then draws up 
into filaments on its free edge (3). Al- 
though a great deal of work has been 
done on limited 


sheet 


atomization (2), a 
amount of experimental work has been 
published dealing with the theory or the 
mechanism of the liquid sheet formation. 
A complete understanding of this me- 
chanism can be achieved only by a flow 
analysis within the spray nozzle. Using 
centrifugal model both 
Vords (7) and Novikov (4) present a 
mathematical analysis of the liquid flow. 

Liquid under a hydrostatic head is 
forced through an opening, which is 
normally tangent to a whirl chamber. 
In this manner part of the pressure head 


nozzles as a 


is converted into a velocity head, caus- 
ing a rotational velocity in the chamber. 
The remaining pressure head is utilized 
to increase the speed of the liquid cir- 
culation towards the center of the whirl 
chamber, maintaining a constant mo- 
mentum, and to supply the velocity head 
for increased radial speed. As a result 
of the rotational and radial 
energy the pressure decreases towards 
the center in a hyperbolic fashion, re- 
sulting in atmospheric pressure at some 
point in the chamber itself. At that 
point an air core is formed which ex- 
tends from the chamber through the 
outlet orifice into the outside air, and 
thus the liquid issues with an annular 
cross section, having horizonal velocity 
components due to the rotational energy 
and a vertical component due to the 
mass flow. The spray angle at which the 
liquid sheet issues out of the orifice is 
the resultant of the above velocity com- 
ponents. (See Fig. 1.) 

Vorés (7) 


increased 


attempted to arrive at 


values for the air core by measuring the 
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spray energy. He accomplished this by 
impinging a spray on a metal dise and 
measuring the force exerted in_ this 
manner. 

Since the impact was obtained by 
droplets hitting the plate at many differ- 
ent angles and in varying amounts, the 
resultant computations are tedious and 
approximate. Based on his studies 
Vorés reports an increasing air-core 
diameter with increasing orifice size. 
Although his data on the effect of pres- 
sure on the air core size are limited, a 
slight pressure effect is indicated. 

Novikov (4) presents a mathematical 
treatment of liquid flow in a centrifugal 
nozzle assuming that the viscosity of the 
liquid can be ignored. The following 
basic equations govern the fluid flow. 


Conservation of momentum 


Vr=V.R 


\ 
+ 
uv]! 
tid 
(LA 
t 


Fig. 1. Flow pattern in centrifugal spray nozzle. 
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(1) 
j 
‘ 
° ° 


v2 
—+5-+——-=H (2) 
p 290s eg 


Derived from (1) and (2) 


dP V2 

- = —- ( 3 ) 
dr g r 

Continuity equation 

Up = (4) 


Since the total number of unknowns in 
these equations is four (e.g., P, I, rq, 
and U’) and there are only three inde- 
pendent equations, Novikov found it 
necessary to use a hypothesis first pos- 


tulated by G. N. Abramovich (17) ac- 

cording to which 

dQ 
(>) 

OV ae 


Utilizing the above equations the fol- 
lowing expressions can be derived.* 


QO = Kar,7(2gH)* (6) 
K a(l—a)*/(1 a+ a*A*)' (7) 
a ] - (8) 
r,R 
A (YU) 
ro” 
l—a 


A (10) 


It will be seen that Equation (9) ex- 
presses A in terms of the known physi- 
Knowing 


solved 


dimensions, 
(10) he 
A and a permits the eval- 


cal nozzle 
Equation 

Knowledge ot 
uation of both the nozzle-discharge co 


can for a. 


efficient and the air-core dimensions. 

It will be seen from Equations (7) 
through (10) that neither the coefficient 
of discharge nor the radius of the air 
core depends on the liquid feed pres- 
sure 

Novikov proceeds to derive expressions 
for both the maximum and the minimum 
Mention is 
also made that the above conclusions are 


spray angle in terms of a. 


true above a certain minimum pressure 
when the liquid velocities are large and 
friction does not have a substantial ef- 
fect. 

rhe theoretical treatise presented by 
Novikov and outlined here was used as 
a basis for this study. 

A physical evaluation of fluid flow 
in a centrifugal nozzle would require 
of flow-rate, and 


studies spray-angle 


air-core determinations. 

Satisfactory methods for determining 
flow rate and spray angles are reported 
in the literature (6). A special tech- 


* See appendix for derivation. 
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nique had to be devised to determine 
air-core dimensions. 

A jet issuing from an orifice develops 
a reaction force equal and opposite to 
the product of mass and velocity. By 
determining the reaction force and the 
liquid flow a vertical velocity can be 
computed. Knowledge of the vertical 
velocity and the dimensions of the ori 
fice permits calculations of both the film 
thickness, and the air-core dimensions. 


Experimental Equipment and Procedures 


Since the object of the study was to 
determine the effect of the nozzle dimen 
sions on the behavior of the liquid going 
through, it was necessary to have a noz- 
zle in which the inlet orifice, exit orifice, 
and chamber radius could be varied 
readily. 


For this the Whirljet nozzles were used. A 
typical nozzle is shown in Figure 2. It can be 
seen that for a given body and chamber radius 
the exit orifice can be readily varied by replac- 
ing the head of the nozzle. Two chamber sizes 
were used, one corresponding to the nominal 
\4-in. size nozzle and one corresponding to the 
“ein. size. By combining various heads with the 
bodies oa series of sixty-six different nozzles could 
be assembled. 


these nozzles are shown in Table 1. A designa- 


The physical measurements of 


tion such as ‘s A-3-5 represents a nozzle which 
is threaded for ‘@ size pipe, hos a No. 3 body 
opening and a No. 5 head orifice. The body 
number always precedes the head number. 

The nozzle dimensions were checked with oa 
microscope with an accuracy of +0.004 of an 
in. Whenever any of the openings were found 
to be out of round, an average dimension is 
given in the table. However, the largest differ 
ence that was found between the maximum and 
minimum diameter was 7% and it generally re 
stricted itself to the smaller bodies ond heads. 

The experimental work was directed towards 


measuring the following variables: 


a. Flow rate of each nozzle at various pres 
sures 

b. Reaction of each nozzle at various pressures 

Angle of spray 

d. Photographic determination of the air core 


of various nozzles to give an estimate of 
the accuracy of the work. 


The flow rate of each nozzle was de- 
termined by discharging the fluid into a 
container and then weighing it. Ap- 
proximately 5-6 gal. were measured for 
each determination and a minimum of 
three different pressure determinations 
nozzle. Typical 
in Figure 3 


were made for each 


flow-rate data are shown 
The pressures required were obtained 
from a_ triplex positive-displacement 
pump. 

One object of the work was to deter 
mine the film thickness and velocity 
components of the liquid sheet at the 


exit of the nozzle. Since the reaction 
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Fig. 2. Whirljet-type nozzle 
Table 1—Physical Properties of Nozzles 
Inlet Chamber 
Radius Radius R’ Axial 
Inches R (R — Length 
Type le in in. in. 
“4 A2 0.0419 0.227 0.185 0.71 
“4 AJ 0.0483 0.227 0.179 0.71 
‘4 Ad 0.06 0.227 0.167 0.71 
1 A6 0.0752 0.227 0.152 0.71 
“4 AB 0.083 0.227 0.144 0.71 
0.093 0.227 0.134 0.7) 
% ASG 0.0785 0.29 0.212 0.83 
Monarch 
53 x 53 0.0315 0.219 0.1875 0.467 
HEADS 
Tr 
“4 A2 0.039 
0.0472 
4 A4 0.054 
Ab 0.07 
"4 AB 0.08 
0.088 
0.1085 
% AIS 0.1075 
Monarch 
53 x 53 0.0295 
BODIES 
fe 
“% A-l 0.0285 0.165 0.136 0.57 
Ve A-2 0.0414 0.165 0.124 0.57 
Ye A3 0.0502 0.165 0.115 0.57 
“w AS 0.0625 0.165 0.103 0.57 
HEADS 
tr 
Al 0.0285 
Ve A-2 0.0395 
A-3 0.0462 
“a A-5 0.065 
AB 0.076 
le A-10 0.0875 


Bernoulli's equation y Body 
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force from an escaping liquid jet is due 
to the product of the mass of liquid 
times its velocity in the direction of 
travel, it was felt that a reaction-force 
reading, combined with a knowledge of 
the flow rate at a given set of condi- 
tions, would provide a method of calcu- 
lating the downward velocity Vy. From 
this the area occupied by the water and 
consequently the film thickness and air 
core diameter could be calculated. Since 
a velocity gradient can exist in the film, 
lV’, represents an average downward ve- 
locity. In addition, if a velocity gradient 
exists in the film, the calculated film 
thickness would of necessity also be an 
average film thickness and not a physi- 
cally correct film thickness. Actually, if 
this gradient exists it can be shown that 
it would result in an apparent air-core 
diameter which is larger than the actual. 
The system used for the reaction meas- 
urements is shown in Figure 4. The 
nozzle rests on a wire support which is 
suspended from a triple-beam balance, 
and is connected to the piping by means 
of a flexible metal hose approximately 
1% in. in diam. and 10 in. long. The hose 
had a tendency to curve slightly because 
of its own weight and that of the liquid 
inside, When the pressure was raised 
during a run, the hose tended to 
straighten itself out, thus affecting the 
reaction reading of the nozzle. To avoid 
this small error two readings were 
taken, one with the nozzle pointed up 
for which the hose effect would add to 
the reading, and one with the nozzle 
pointed down for which the hose would 
subtract from the reading. The average 
of these two values was then used. The 
difference in the two readings seldom 
exceeded 59%. Reaction-test data were 
taken for various pressures and typical 
curves are shown in Figure 5. 

Since the combination of reaction 
and flow-rate tests provide the down- 
ward velocity component / 
cessary 


y it was ne- 
to measure the angle of the 
spray in order to determine the horizon 
tai or tangential component |’,. Since 
the tangential component increases as 
the axis of the chamber is approached 
and since the direction or angle which 
a particle follows when it leaves the 
nozzle is a result of the components I’, 
and l’,, it follows that different paths 
should be followed by particles of liquid 
leaving from different radii of the film 
thickness. Specifically, particles leaving 
from the surface have the 
maximum tangential velocity and there- 
fore should produce the greatest angle. 
Particles leaving from the liquid next 
to the circumference of the head orifice 
should the minimum tangential 
component and should result in_ the 
smallest angle. The over-all result will 
be an angle which represents the resul- 
tant of the vector sum of the velocities 


air-core 


have 
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RATE 


PRESSURE 
Fig. 3. Flow rate vs. pressure for typical Whirljet nozzles. 


of all the particles. Upon the subsequent 
disruption of the liquid sheet into fila- 
ments and droplets, a rather wide spread 
takes place in the angle which is rather 
sharply defined by the liquid sheet. This 
is the result of undulation set up in the 
sheet due to friction with the air or 
other vibrations induced through the 
nozzle. In addition, since the drops 
formed are of various sizes, they will 
iall at different rates and travel unequal 
distances due to the fact that frictional 
drag with the air varies with the drop 
size. The over-all result, of course, will 
be an angle that is not sharply defined 
but which has a given spread. It was 
felt that the mean angle based on the 
volume of the liquid would most closely 
represent the average condition of the 
spray. To measure this angle, a series 
of 5/1l6-in. I.D. precision tubes were 
placed in a semicircle 10 in. away from 


in 25.1, 


the nozzle so that the center lines of the 
tubes were 3 degrees apart (See Eig. 6). 
The spray was then operated for a, suit- 
able length of time, the volume of liquid 
in the tubes was measured and the mean 
angle was calculated. Values for this 
angle are given in Table 2, while a 
typical distribution curve is given in 
Figure 7. 

The pressure used during the spray- 
angle determination was 100 Ib./sq.in. 
This has to be high enough to produce 
a large value of the Reynolds number 
in each nozzle so that the effect of liquid 
viscosity will become negligible, and the 
spray angle will attain its maximum or 
leveling-off value. Novikov and others 
have shown that, beyond a certain mini- 
mum pressure, the spray angle is con- 
stant. Attempts were made to check this 
constancy of the angle at higher pres- 
sures such as 1,000 Ib./sq.in. but they 
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Fig. 4. Reaction measuring apparatus. 
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failed because of the compressing effect 
produced by the air that is dragged 
along the spray. This resulted in an 
obvious inward bending of the spray and 
erroneous angles. 

In order to estimate the difference, if 
any, between the air-core diameter and 
film thickness calculated from the reac- 
tion test against the actual values, pho- 
tographs were taken of the exit orifice 
during operation of the spray. To ac- 
complish this a camera was placed be- 
hind a shield through which glass open- 
ings were provided for the camera and 
the lighting equipment. (See Fig. 8.) 
Photographs were taken during opera- 
tion at exposures of 1/100 and 2/mil- 
lionths of a second using a G.E. photo 
light. The high-speed photographs were 
used for checking the smoothness of the 
air core since at that speed any motion 
would be stopped. Any out-of-round- 
ness or filaments there would not show 
in the lower speed photographs. As it 
turned out both photographs gave the 
same results with the inner surface ap- 
pearing round, smooth, and of the same 
dimension on both. In addition, a pho 
tograph was taken without disturbing 
the setup when the nozzle was not oper- 
ating and the exit orifice outline was 
clearly in focus. By measuring the pho- 
tographs under the microscope and by 
knowing accurately the exit orifice, the 
air core was determined by simple pro- 
portion. However, it proved a tedious 
operation since under magnification the 
sharpness of the air core and orifice 
outlines diminished considerably. Fig- 
ures 9, 10 and 11 show the nozzle when 
it was not operating and Figures 12, 13, 
14 and 15 show the nozzles when spray- 
ing water at various pressures. 


Analysis and Results of Data 


From data of flow rate vs. pressure 
it was found that the flow rate varies 
as the square root of the pressure (see 
Fig. 3). 


(11) 


represents the equation of flow of a 
given nozzle. If the water leaves the 
nozzle with a downward velocity equal 
to I’, ft./sec. then the area occupied 
by the water will be 


O = C,P* cu.ft./sec. 


O C,P% 
The reaction force F is equal to 
F = MV, bb. (13) 


where M is the mass rate of liquid in 
slugs /sec. and from Equation (11) is 
equal to 


(14) 


M = slugs/sec. 
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PRESSURE 


600 


IN PSI 


Fig. 5. Reaction force vs. pressure for typical Whirljet nozzles 


where Cy is a new constant 


Substituting Equation (13) and (14) in 
Equation (12), 
C3P 


(15) 
Since the reaction F is found to vary 
linearly with pressure (Fig. 5), it can 
be represented by the equation 


F = SP bb. (16) 
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men 
Fig. 6. Angle measuring apparatus. 


where S is the slope of the line. Substi- 
tuting Equation (16) in Equation (15), 


A= R ( (17) 


constant 


Since the area occupied by the water 
with flow rates for a 
given follows that the film 
thickness and air core are also constant 


not 
nozzle, it 


does vary 


Any increase in flow, therefore, takes 
place only through an increase in the 
downward velocity component |’, of the 


Page 521 


3.2 
| | 
| ® 
| VA rid RY 
/ 
= 
—— — f-+ Ter 
| 
| |Z 1 4 
/ | 
/ 
0.8 + e —--gF+ — + — 
} 
| | — 
4 
a=” 
0 
0 200 400 || 800 
+f f fe 
THK 
id 
UU 


NOZZLE AXIS 


oO 
oO 
> 
z 
2 

$ 


19) 12 24 36 48 


| 
| 
4 


DEGREES FROM NOZZLE AxiS 


Fig. 7. Spray distribution pattern for \4 A-2-4 at 100 Ib. /sq.in. 
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liquid. This justifies Novikov’s assump- 
tion that dQ/dr,. is equal to zero. 

For the experimental work the linear 
relationship between reaction and pres- 
sure was found to hold true for all noz- 
zles tested through a series of pressures. 
It was therefore felt that measurement 
of the reaction at a given pressure and 
a knowledge of the rate at that pressure 
would be sufficient to determine the 
values of air core, film thickness, and 
lV’, for a given nozzle. This procedure 
was used in testing most of the nozzles 
and the data are reported in Table 2 
for a pressure of 200 Ib. /sq.in. 
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Fig. 8. Photographic apparatus for measuring nozzle air cores. 


Equations used to calculate film pro 
perties for a given set of conditions are 
derived in the appendix and are as fol- 
lows : 

F 
0.00432q 


0.00044g? \* 
Ves ™ - In. (19) 


where 


(18) 


ft. /sec. 


PF reaction force in pounds at 
pressure P (in this case 200 
Ib. /sq.in. ) 
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Table 2—Experimental Data 


At 100 Ib. 

/sq.in. 

Rate ot Reaction at Mean 

200 Ib./sq.in.200 Ib./sq.in. Angle 

Nozzle gal. /min. Ib. Degrees 
“% A-2-2 0.65 0.30 65 
2-3 0.82 0.36 72 
24 1.14 0.43 84 
2-8 1.25 0.46 84 
2-15 1.64 0.58 96 
“% A3-2 0.77 0.39 60 
3-3 0.94 0.46 64 
3-10 1.70 0.59 82 
3-15 2.10 0.70 85 
0.92 0.52 52 
43 1.17 0.61 61 
46 1.77 0.80 71 
48 2.04 0.91 74 
4-15 2.83 1.15 83 
“% A62 1.12 0.67 43 
63 1.45 0.85 51 
6-6 2.30 1.37 59 
6-10 3.12 1.48 69 
6-15 3.95 1.68 75 
“% AB-2 1.26 0.85 37 
8-3 1.60 1.10 45 

8-8 3.12 


4.80 


-10- 1.38 é 
10-3 1.80 1.30 41 
10-8 3.50 2.13 52 
10-15 5.20 2.64 66 


Ve A-1-1 0.35 0.14 67 
1-2 0.47 0.18 73 
1-5 0.73 0.21 90 
1-10 0.67 0.20 94 
Ye A-2-1 0.52 0.29 57 
2-2 0.75 0.39 64 
2-5 1.29 0.57 80 
2-10 1.62 0.59 86 


0.59 . 
3-2 0.88 0.45 60 
3-5 1.50 0.79 76 
3-10 1.95 0.77 83 
Ve A-5-1 0.71 0.43 4! 
5-2 1.08 0.65 51 
5-5 2.06 1.08 68 


2.86 
4.00 


Monarch fig 631 


53 x 53 0.39 


0.15 


q = rate in gallons per minute at 
pressure P (in this case 200 
Ib. /sq.in.) 

r, = exit radius in inches 


Yao = air core radius in inches 


Calculated values of the air core are 
shown in Table 3 together with values 
of the coefficient of discharge. The lat- 
ter is defined by A in Equation (6) as 
the actual rate divided by the maximum 
rate which would occur if the exit ori- 
fice was flowing full under the total 
available head at the inlet to the nozzle. 

The coefficient of discharge K was 
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Fig. 9-15. Photographs of air cores of typical 
centrifugal nozzles. 


correlated against the parameter A’ in 
Figure 16, where A’ is equal to 


r,R r, \% 
«= 


The value A’ is actually Novikov’s par- 
ameter A modified by (7,/Kk’)%. This 
is a purely empirical modification with- 
out any direct theoretical support. The 
authors believe that this modification is 
necessary due to the effects of frictional 
drag on the nozzle surfaces and also be- 
tween various liquid layers. Thus, the 
ratio (r,/R’) is an index of the maxi- 
mum radial distance which the liquid has 
to travel, and this distance affects the 
conversion of the static pressure head 
into kinetic rotational head. By increas- 
ing this ratio the radial distance becomes 
shorter, resulting in less friction and a 
closer approximation to the theoretical 
rotational velocity. This results in less 
flow through the nazzle since less en- 
ergy is available for increasing the axial 
velocity component. 

Investigation of the effect of length 
on nozzle performance shows that 
higher rates are obtained with longer 
lengths, but the effect is small and 
within the error of the experiments 
when the ratio (2R/L) varies between 
0.6 to 1.5 in. The maximum deviation 
between a calculated coefficient of dis- 
charge using A’ and an experimental 


one for the '4-in. nozzles is 7% with 


Vol. 49, No. 10 


FIGI3 - A-3-5 @ 200PSI. 


Nozzle A 


A-2-2 5.04 
2-3 6.06 
246 9.02 
2-15 14.00 
A3-2 3.79 
3-3 4.58 
3-10 8.55 


3-15 


“4 A42 2.45 
43 2.97 
46 4.4) 
48 5.04 
415 6.84 
A62 1.56 
63 1.88 
6-6 2.80 
6-10 3.52 
6-15 4.33 
“4 AB-2 1.29 
8-3 1.56 
8-8 2.64 
8-15 3.58 
A-10-2 1.02 
10-3 1.23 
10-8 2.10 
10-15 2.84 
A-1-1 5.78 
1-2 8.00 
1.5 13.20 
1-10 17.70 
“e A-2-1 2.74 
2-2 3.80 
2-5 6.25 
2-10 7.93 
“e A-3-1 1.87 
3-2 2.60 
3.5 4.27 
3-10 5.42 
“a A-5-1 1.20 
5-2 1.66 
5-5 2.74 
5-10 3.48 
A615 5.06 
Monarch 
53 x 53 65 


2.24 
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FIG.I4- 7 A-4-10@200PS.I. 


Table 3. 


Discharge Coefficient 
K 


Experimental Calculated Experimental Calculated 


0.257 0.264 
0.220 0.208 
0.139 0.135 
0.083 0.076 
0.302 0.315 
0.252 0.260 
0.132 0.129 


0.106 0.098 


0.361 0.390 
0.313 0.330 
0.215 0.220 
0.190 0.190 
0.143 0.136 
0.440 0.480 
0.390 0.420 
0.280 0.300 
0.241 0.237 
0.200 0.185 
0.494 0.520 
0.429 0.455 
0.290 0.293 
0.242 0.210 
0.542 0.580 
0.482 0.510 
0.325 0.330 
0.263 0.245 
0.257 0.240 
0.181 0.163 
0.103 0.090 
0.068 0.058 
0.383 0.375 
0.288 0.277 
0.183 0.157 
0.126 0.118 
0.434 0.450 
0.340 0.345 
0.211 0.205 
0.152 0.153 
0.521 0.560 
0.415 0.420 
0.290 0.278 
0.223 0.207 
0.206 0.187 
0.267 0.270 


Air-Core Radius 


fae 


0.031 
0.039 
0.061 
0.098 


0.030 
0.038 
0.076 
0.095 


0.028 
0.035 
0.056 
0.066 
0.092 


0.026 
0.033 
0.053 
0.069 
0.086 


0.025 
0.032 
0.060 
0.085 


0.024 
0.030 
0.057 
0.081 


0.023 
0.034 
0.059 
0.080 


0.021 
0.031 
0.055 
0.076 


0.018 
0.028 
0.052 
0.072 


0.017 
0.026 
0.049 
0.069 


0.088 


0.025 


Experimental 
Film 
Thickness 
in. 


0.0090 
0.0095 
0.0100 
0.0117 


0.0097 
0.0100 
0.0133 
0.0135 


0.0105 
0.0120 
0.0137 
0.0137 
0.0165 


0.0127 
0.0134 
0.0128 
0.0184 
0.0205 


0.0126 
0.0125 
0.0169 
0.0230 


0.0129 
0.0136 
0.0178 
0.0230 


0.0083 
0.0078 
0.0092 
0.0095 


0.0085 
0.0080 
0.0103 
0.0118 


0.0111 
0.0111 
0.0122 
0.0133 


0.0110 
0.0111 
0.0138 
0.0173 


0.0195 


0.0088 
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a 
‘ 
FIG.9 A-3-2 FIG.1O- A-3-5 FIGM- A-4-—10 
FiGi2-3 A-3-2.@ 200s: | | | | 4 
’ 
2.30 0.030 
3.14 0.038 
5.55 0.060 
1.77 0.029 
5.9% 0.075 
1.19 0.028 
2.85 0.056 
3.50 0.066 
0.79 0.026 
1.04 0.034 
1.90 0.057 
2.68 0.070 
3.67 0.088 
0.67 0.026 
0.89 0.035 
1.97 0.063 
3.10 0.086 
0.55 0.026 
0.73 0.034 
1.62 0.062 
2.55 0.086 +? 
2.64 0.020 
4.30 0.032 
9.10 0.056 
14.20 0.078 
1.31 0.020 
2.14 0.031 
4.52 0.055 
6.65 0.076 
0.94 0.017 
1.52 0.028 
3.20 0.053 
47) 0.074 
0.63 0.017 A 
1.03 0.028 
2.16 0.052 
3.20 0.070 
3.60 0.088 


|x + 8 4 
> 
4 
g 20F 
4 i 
x 
a i 
a t 
2 3 86 6 2 8 4 1 
Fig. 16. Discharge coefficient vs. parameter A’. 


most of the values showing much closer 
agreement. The difference in values for 
the %-in. size reaches a maximum of 
15% for the No. 1 body, but here small 
errors in the measurement of the inlet 
and outlet orifices would make a large 
difference in the calculated value of 4’. 

The procedure for calculating the co- 
efficient of discharge consists of deter- 
mining first the value of A’ from the 
nozzle dimensions and finding a’ from 
the relationship 


A = - 
(a’)§ h 


(10) (a) 


a’ can be substituted in the equation for 
K where 


a’(1— 


Ka 
[1 — a@’ + (a’)*(A’)?]% 


(7) 
The air core is calculated by using Nov- 
ikov’s parameter A, finding a by Equa- 
tion (10) and substituting in Equation 
(8) where 


=r,(l—a)* (21) 
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The calculated air-core values when 
compared to the experimental ones show 
a maximum deviation of 10% with the 
average deviation being much less than 
that or about 2-3%. 

The air core as determined from the 
photographs exceeds the value obtained 
from the reaction data with a maximum 
difference of 7%. This comparison is 
illustrated in Table 4. However, the 
accuracy Of measurement of the nega- 
tives was not too great that it is 
difficult to evaluate the significance of 
the difference. 


sO 


Table 4.—Comparison of Air-Core Radius 
by Reaction Method and by Photo- 
graphic Method 


Reaction Calculated Photographic 
Air-Core Air Core Air-Core 
Radius Radius Radius 
Nozzle in. in. in. 

“% A-3-2 0.029 0.030 0.030 

“% A-3-15 0.095 0.095 0.102 

A-4-10 0.073 0.073 0.076 

“we A-3-5 0.053 0.052 0.056 

‘se A-5-10 0.070 0.069 0.076 
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The spray angle was correlated 
against A’ (See Fig. 17) and can be 
represented by the equation 


6,, = 43.5 log. 14A’ 


(22) 


As pointed out Equation (22) repre- 
sents the mean of a distribution of 
angles having a maximum value at the 
air core and a minimum value adjacent 
to the orifice wall. 

To obtain a measure of nozzle effi- 
ciency, the energy content of the liquid 
sheet at the air core was compared to 
the hydrostatic head in front of the noz- 
zle. At this point the sheet contains only 
rotational and vertical velocity heads 
since the pressure head has been con- 
verted to kinetic energy. Using the 
maximum angles obtained experimen- 
tally to compute the rotational velocities 
at the air core, nozzle efficiencies of 
80-1209 were obtained. The accuracy 
of these calculations, however, is poor 
because of low precision on the deter- 
minations of the maximum angles. 


Summary 


In the study of centrifugal spray nozzles a 


correlation was obtained between the physical 


dimensions of the nozzle and the properties of 
the liquid sheet issuing from the nozzle. Equa- 
tions are presented from which the coefficient of 
discharge, the liquid film thickness and its ve- 
locity components, the air core and spray angle 
can be calculated. 


The procedure for doing this is illustrated in 
the following examples: 


Sample Calculations 


PROBLEM 1 


Given a nozzle with the following character- 
istics: 


Radius of inlet orifice = r. 0.06 in. 
Chamber radivs = R 0.227 in. 
Radius of the head = rp = 0.08 in. 


For 200 Ib. /sq.in. calculate the following: 


(a) discharge in gol./min. 
(b) mean spray angle 


(c) air-core radius 
(d) film thickness 
(e) total velocity of fluid at exit orifice 


a. DISCHARGE COEFFICIENT 


First calculate A’ from Equation (20) 


«= (SYR) 


0.08 
0.167 | 


= 3.5 


Calculate a’ from Equation (10) or Figure 18. 


> (a’)® — + 20° —1 = O 
: 
(a) (a)’+ 2a —1=0 


0.39 


from which a’ 


October, 1953 


~ 
‘ 
: 
| 


@ MEAN ANGLE OF SPRAY 


A= 


Fig. 17. Mean spray angle vs. parameter A. 


Fig. 18. 


rk OR a’ oR \ 


Parameter A or A’ vs. parameter a or a. 


Substitute the values of A’ and a’ in the equa- 
tion for the coefficient of discharge. 


a’(1— a’) 
{1 — a’ + 


0.39(1 — 0.39) 


= — 0.39 + 0.152 x 
Calculate the flow Q from Equation (6) 
Q = Krr*(2gH)"* 
= 0,196 x 462)" 
144 
= 0.00465 cu.ft. ‘sec. 
2.12 gal./min. 
b. MEAN SPRAY ANGLE 
Bom 43.5 log 14 A’ 
“> Ou 43.5 log 14 * 3.5 74 (22) 
c. AIR-CORE RADIUS 
fec = ta(l — a)% 
A= a = 50s (21) 
fe 0.06 
From Fig. (18) a 0.334 
= 0.08(1 — 0.334) 0.0652 in. 


d. FILM THICKNESS 
0.08 — 0.0652 


0.0148 in. 


fa — lac 
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e. TOTAL VELOCITY OF PARTICLES 


Volume of flow 


Vo of tho bead 
0.00465 0.00465 
0.00014 — 0.0000928 0.000046 
101 ft. ‘sec. 

Vv. V, tan 
V. = 101 tan. 37 76 ft./ sec. 
The resultant velocity V is 

v (V,* -+ V,*)% (101° +. 76°)" 
127 ft. /sec 

PROBLEM 2 


Determine the dimensions of a nozzle so that 
it will have the following characteristics ot 400 
Ib. /sq.in.: 


(a) Mean spray angle ov 


(b) Discharge rate 442 gal. min. — 0.00984 
cu.ft. / sec. 
(c) Film thickness = 0.018 in. 
From Equation (22) 
fim == 43.5 log 
69° = 43.5 log 14A' 
A’ = 2.75 
From Figure 16 for A’ 2.75, K 0.231 


From Equation (6) there is 
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wee ( 144Q 
Q K| 144 )(2gH) or 
144 0.00984 
0.231 3.14 (64.4 X 924)% | 
or 
rr 0.089 in. 
Since: 
oR Tr 
By substitution, 
(0.089 R 089 
2.78 = 
Te Te, 


if a definite film thickness is not required, then 
by assuming a value for either R or r, the equa- 
tion con be solved for the other variable, thus 
completely specifying the nozzle to give the re- 
quired discharge rate and sproy angle 

When the film thickness is specified, however, 
the exact relationship must be obtained between 
R and +, which will result in the required film 
thickness or 


0.089 -—- 0.0185 0.0705 in. 


from Equation (8) 


a ) 


“0.089 / 0.37 


From Figure 18 when a 037, A 3.95 
rk 
Since A 


this value can be substituted in A’ 


10 
| 
| | | 
| 
+ + + + +— 
| | 
40 + + + > + +- + + 2 > + + + + 
i i i i | | 
4 + + + + + + + ¢ +. + + + + + + } + ° 
mm (8) (1)? 


or 


( 0.089 )" 
2.75 3.95 es 
from which R —r, = 0.184 (a) 
Also from A = 

fo 
3.95 443 (b) 
fo 089 


Solving Equations (a) and (b) simultaneously, 


R = 0.261 
to = 0.077 in. 


which together with rx, = 0.089 in. completely 
specify the nozzle. If a film thickness of 0.0150 
in. wos required, r, would remain the same but 
R and +, would be 


R 0.467 in. 
fo 0.0855 in. 


Notation 


A 
a which for circular opening is 


which for circular 


opening is R’ 


area of inlet openings 

reaction force 

= gravitational constant 

= total head of fluid 
nozzle discharge coefficient 

= length of nozzle chamber 

= mass of liquid 


pressure of liquid in pounds per unit 
area 

flow rate 

chamber radius 

R 


radius of air core 


2 


Tr radius of exit orifice 
fo radius of inlet orifice 
r radius at any point 

t = film thickness 


U vertical velocity component at any 


point 
Vv tangential velocity component at any 
point 
Vv. inlet velocity component 
Ve horizontal velocity component 
Vy vertical velocity component 
7] spray angle 
Omas outside spray angle 
Om mean spray angle 
Omin minimum spray angle 


p density of fluid 
fee” 


a 1 
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Appendix 


Derivation of equations governing fluid flow 
in a centrifugal nozzle 
Basic equations: 


V.R = Vr Conservation of Momentum 


(1) 


H Bernoulli's Equation 


p 2g 
dp pv 
d : Derived from (1) and (2) (3) 
r gr 
rac Vo Conti ity Eq ti 
(4) 
Assumption (5) 
Substituting (1) into (3) one obtains, 
dP p 
9 Rr 
Integrating: 
P 3," + 
1 p 
@r ec, P 0 from which C = 
2 
fac Ve 
1 ( 1 
P 2 
(a the head where r rr (6) 


from Equation (1): 


rr 
2 
The Tr 
Q = — 
or 
Q° 
Ur 
fac ) 


Substituting (6), (7) and (8) in (2) and factor- 
ing 


H 


Rr,” ] 
+4 
‘ 2 
fe th — fac ) 


\/ 2gH 


r 27 Cock 
(9) 
let 
a and A = 


Progress 


Then: 


= (10) 
V1—a+a°A’ 
where the discharge coefficient is: 
avl—a ay) 


From Equation (9) 


__ 1 
Orae 2 V tac 
— 


—- = 0 by assumption, then 


Substituting for a, 


A’ = A1— a) 


l—a 

a 
\ 2 
If the inlet orifice is not round, or if there is 


more than one inlet, the definition of A in the 
ebove equations is changed to the following: 


(12) 


a= 3) 
a 

where a is equal to the total cross-sectional area 

of all the inlet orifices. 


(1) AIR-CORE CALCULATION FROM 
EXPERIMENTAL DATA 


let 
q = flow rate in gal./min. (1) 
qi = 0.00223q cu-ft./sec. (2) 
qe = 3.85q cv.in./sec. (3) 
qs = 0.00432q slugs/sec. (4) 


The area occupied by the escaping liquid, A, is 
equal to the total volume divided by the down- 
ward velocity or 


0.00223q 


= (5) 
A sq.ft. 
The reaction force F is equal to: 
F = lb. (6) 


where M is the mass of liquid in slugs sec. 
Substituting V, from Equation (6) into (5) and 
the value of M from Equation (4), 


0.00223 q 0.00000962 q* 
A 
F F 
0.00432 q 
0.00138 
sq.in. (7) 
Air-core area — sq.in. (8) 
Therefore, the air core radius rac is 
0.00044 \ 
fee — |r — F in. (9) 


Presented at 
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if 
= 
P Vv - > a3 
—4 (2) foe (tx — fac) 
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T. T. Anderson 


This paper describes the first successful commercial-scale roasting in North America 
of zinc sulfide flotation concentrates in a FluoSolids reactor to produce a zinc 
oxide calcine for electrolytic leaching and at the same time to produce sulfur 
dioxide gas for a contact sulfuric acid plant. The operation is also a “first” in 
respect to size, the reactor having almost two and one-half times the hearth area 
of any previously built for use on other ores. Attention is given particularly to 
design problems brought about by the close thermodynamic balance of the 
reactions and the lack of commercial experience with this type operation. 

Part of the paper tells about the events, thinking, thermodynamic calculations, 
and experimental work behind the development. 
easy-handling wet-feed system adopted and the modern centralized instrumen- 
tation, which adds much to plant control. Sufficient operating data have been 
included to illustrate typical results obtained by the plant as a whole. 
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Another part explains the 


FluoSolids Roasting of Zinc Concentrates for Contact Acid 


T. T. Anderson, a graduate chemical engineer from the 
University of British Columbia in 1942, has been assistant chief 
engineer in charge of chemical engineering, Aluminum Com- 
pany of Canada, Limited, Montreal, Que., since 1952. Asso- 
ciated early in his career with paper companies, he later 
joined the Aluminum Company at Arvida, Que., where he 
spent three years in Bayer ore plant operations, two years 
in Bayer and electrolyte plant development. Subsequently 
he held the job of assistant superintendent of operations in 
the fluoride group of plants and in 1949 was transferred to 
Montreal to the general engineering department. In addition 
to holding membership in the A.I.Ch.E., Mr. Anderson is a 
member of the Engineering Institute of Canada and the 
Professional Engineers of Quebec. 


Since 1948 Raymond Bolduc has been associated with the 
Aluminum Company of Canada first as assistant supervisor 
in ore plant and fluoride department and since 1951 at work; 
on the design, construction, and operations of the sulfuric 
acid plant No. 2, which he now supervises. A native of 
Asbestos, Que., Mr. Bolduc received degrees from the Uni- 
versity of Montreal and Laval University. Previous to his 
affiliation with Aluminum Company of Canada, Mr. Bolduc 
was with the French Supply Council in Washington, D. C., as 
purchasing agent. 
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A. General Situation 


Process Engineering 


[' will be remembered that in late 1950 
there was a sudden world shortage of 
sulfur. Expansion of its use in many 
fields plus lack of new elemental sources 
had caused raw sulfur stockpiles to 
shrink to dangerous levels. Accordingly 
the United States Government clamped 
an embargo on all further sales of sul- 
customers, and in addition 
to established consum- 


tur to new 
reduced supplies 


cTs. 


8. Alcan’s Situation 


At this time the Aluminum Company 
of Canada Limited had decided to pro 
ceed with expansion in the East and 
with the now well-known Kitimat pro 
ject in British Columbia. This planned 
expansion of primary aluminum capa 
it the 
quirement of expanded electrolyte sup 
plies, particularly aluminum fluoride and 
cryolite. Both these materials, if manu- 
factured synthetically, require hydrogen 
fluoride which comes from the reaction 
of sulfuric acid on fluorspar. Alcan was 


city carried with econdary re- 


producing only sufficient sulfuric acid to 
supply its pre-expansion operating rr 
quirements, and had no spare capacity. 
fo ensure adequate supplies of electro- 
lyte, Alcan turned to other sources of 


sulfur supply. 
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Cc. Alcan’s Most Probable Sources 
of Sulfur 


Pyrite or zinc concentrates were the 
alternative sources of sulfur available, 
particularly as the new acid plant would 
be located at Arvida, 150 miles north of 
Quebec City, Quebec. Electrolyte pro- 
ducing capacity had previously been de- 
veloped there. 

Alcan finally signed a contract to 
roast zine sulfide concentrates for the 
American Zine Co. of Illinois. These 
concentrates were in general to come 
from northern Quebec areas and the 
roasted product was to be shipped to the 
Monsanto, Ill, plant of the American 
Zinc Co., near East St. Louis. 


Process Adopted for Making Acid 
DESIRE FOR SIMPLICITY 


Having made the choice to roast zinc 
concentrates as a means of increasing 
sulfuric acid production, Alcan decided 
that in view of its general lack of ex- 
perience in this particular operation, 
every possible simplification was desir- 
able. 

Roasting of zinc concentrates requires 
close control. There is a much greater 
danger of fusion with zine concentrates 
than with pyrite, the melting points of 
ZnS and FeS. being respectively 1020° 
C. and 1193° C. Lead and other impuri- 
ities in the concentrates further compli- 
cate the problem. 


A SUITABLE ROASTER 


Could a Dorreo FluoSolids roaster 
make a good product for an electrolytic 
zine refinery and gas suitable for a con- 
tact plant? 

In answer to this question it should be 
stated that this type of roaster ap- 
pealed as being a particularly suitable 
roaster if it could be made to operate on 
zine concentrates, and if the gas pro- 
duced was suitable for use in a contact 
plant. At that time there were no roast- 
ers of this type supplying gas to contact 
plants and this is probably still true to- 
day as regards North America. Such 
roasters were operating well with pyritic 
gold ores, but at the time had not been 
applied to the production of sulfur diox- 
ide, although many jobs were apparently 
under consideration at pulp and paper 
plants. If Alcan were to adopt what ap- 
peared to be the most modern roasting 
technique, certain questions remained to 
be answered before the machine could 
be considered for roasting zine concen- 
trates commercially; Some of these 
were: 


(a) Could the concentrates be successfully fed as 
a wet slurry thereby facilitating the feeding 
problem? This method had become the es- 
tablished method for feeding pyrite to such 
roasters. 


HEAT OF REACTIUN 
2000 BTU PER LB CONCENTRATES 


CALCINE 


| 


| | RECIRCULATED %e 
% ROASTER | FEEO waren 
=) 
| 
|| | 
| 
| — 
BOILER NET STEAM 
| | 
} 
—— HEAT LOSS 
| 6% 
|CYCLONES| 
COTTRELL 06% 
SCRUBBER EFFLUENT 
SCRUBBER COOLING WATER 
342% 
TO ACID PLANT 
2.7% DATUM- 65°F 


Fig. 1. Heat balance diagram—Dorrco FluoSolids roaster handling 120 tons 
per day zinc concentrates. 


(b) What waste heat recovery would be avail- 
able per pound of contained sulfur, com- 
pared with other roasters? 

(c) Could sulfide sulfur (ZnS) in the roaster 
product be held low enough to make the 
calcine suitable for electrolytic refining? 

(d) Could sulfate sulfur (ZnSO,) in the roasted 
product be held reasonably low? 

(e) What size of roaster (or roosters) should be 
used, keeping in mind uniformity of product 
and continuity of plant operction? 

(f) Would the operation be sufficiently uniform 
to give the desired close control, avoid fusion 
and formation of zinc ferrite? 

(g) Would the gas strength from the roaster be 
adequate for a contact acid plant? 


THEORETICAL CALCULATIONS 


In order to answer some of these ques- 
tions heat-balance calculations were 
made for a hypothetical reactor handling 
120 tons (dry, short) of zine concen- 
trates /day containing 32% sulfur. The 
concentrates were assumed to be fed as 
an 80° solids slurry into the reactor; 
the gas was assumed to emerge from the 
reactor at 10.59% SO. by volume and 
1600° F. The gas was then assumed to 
be cooled in a waste heat boiler to 550° 
F. From the boiler the gas would pass 
through a cyclone and a “hot” Cottrell 
to a scrubber wherein the remaining 
dust load would be removed and gas 
temperature reduced to about 100° F. 
suitable for a metallurgical-type contact 
plant. This heat balance is summarized 
in Figure 1. 

From the figures derived it was con- 
cluded that with the available concen- 
trates, approximately 76.5% solids could 
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be fed to the roaster to yield a gas 
temperature of 1600° F. Experience of 
the Dorr Co. indicated that in a fluid 
bed of this type, the rate of heat transfer 
was enormous, and that as a conse- 
quence temperatures would be uniform 
throughout the bed. Also, it was estab- 
lished that heat recovered would be 
about 2,350 Ib. of steam/ton of 100% 
H.SO,. This is approximately 92% of 
the steam that could be theoretically ob- 
tained using moist feed as received from 
the mines. This heat balance was the 
background for the subsequent de- 
sign. It may now be said that plant per- 
formance agrees well with the predicted 
heat balance. 

With respect to sulfur dioxide 
strength and quality of calcine, test evi- 
dence was necessary. Some small-scale 
tests on 4- and 10-in. reactors had prev- 
iously been run by the Dorr Co. for 
the American Zinc Co. Also, a 5-ft. 
diam. pilot FluoSolids reactor had been 
built by the Anaconda Copper Mining 
Co. and had been operated for a short 
period. Through subsequent discussions 
on experimental results and an investi- 
gation of this pilot-plant installation, 
it was decided that a commercial-size 
reactor could be built and operated suc- 
cessfully using a slurry of zinc concen- 
trates as feed. 

It was then decided to go ahead with 
a FluoSolids reactor, to be fed with a 
slurry of zinc concentrates; the roaster 
in turn to feed its gas through a conven- 
tional waste heat boiler and cleaning 
system into a Leonard-Monsanto metal- 
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Fig. 3. Non-sifting orifice nozzle. 


lurgical-type sulfuric acid plant having 
rated capacity of 100 tons/24 hr., 100% 
H,SO,. The product was to be in the 
form of 93% or 98% H.SO,. 


Design of Plant 
A. GENERAL 


Many problems arose through need 
for speedy construction short- 
age of materials at that time. However, 
the most interesting problems were con- 
cerned with the roasting, waste heat re 
covery and scrubbing operations. 
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B. PROBLEMS WITH ROASTER 


1. Design of Roaster. The main problems 
were the supporting of the single hearth or bed 
plate and the air-inlet openings. The general 
construction of a FluoSolids reactor is now well 
known. For Alcan the design chosen was o re 
actor having a 22-ft. inside hearth diameter and 
a chamber height of 22 ft. above the bed plate 
This gave a chamber floor area of about 380 
sq.ft. Incidentally, 22 ft. is the largest Fluo 
Solids reactor yet built; the largest other roaster 
has an 1.D. of 14 ft. Small-scale test work hod 


indicated that with flotation concentrates feed of 
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average screen analysis 25% -+ 200, 45% + 
325, 55% — 325, and a sulfur content of about 
32%, approximately 0.39 tons concentrates, (sq. 
ft.)(24 hr.) could be handled. Thus the capacity of 
a roaster of 380 sq.ft. area would be approxi- 
mately 150 tons/24 hr. zinc concentrates (dry 
basis). This in turn represents a figure of from 
120 to 125 tons day 100% H,SO,. The final 
for depth of bed was 6-ft. 
fluidized basis. At 90 Ib./cu.ft. fluidized basis 
this would mean 100 tons of calcine in the 
It was necessary to allow for these 


figure chosen 


roaster. 
figures, as in bed plate design a 6-ft. fluidized 
basis is equivalent to about 4 ft. of settled cal 
cine. 

Other important points of roaster design were 
air-inlet openings and insulation. Original de- 
signs of small diometer FluoSolids roasters for 
other type ores (up to 14 ff. 1D.) had used 
conical openings spaced on 6 in. centers, with 
a silicon carbide ball check on each hole. This 
meant that for the Alcan roaster some 1,400 air 
holes, all with stainless-steel inlet nozzles, had 
Meanwhile oa nonsifting orifice 
spaced on 10-in 1-ft 
veloped. This type of opening had worked well 


to be used. 
or centers hod been de- 
on FivoSolids reactors burning pyrite, but there 
was a general fear that with zinc sulfide there 
was danger of hole blockage due to sulfation 
during operation. Also, should the bed freeze, 
it would be extremely difficult to clean out the 
mess without breaking any projecting air orifice 
A further advantage of the first-type openings 
is thot they could be cleaned from below if 
necessary. Accordingly, Alcan installed the lorge 
number of conical openings, but left the way 
open for the nonsifting-type orifice as a possible 
future move. In the operation of roasting zinc 
sulfide concentrates, absolute uniformity of treat 
ment cannot be too highly stressed. At 32% 
sulfur untreated material will degrade the pro 
duct by 100 to | since preferably the calcine 
should not contain more than 0.30% sulfide sul 
In practice the over-all calcine is now oaver- 
See Figs. 2, 3.) 


fur. 


aging about 0.3% suifide sulfur 


need 
get 
ulfur, 


hown 


Mention should be made of the 
for excess air. In striving to 


least 99°) removal of the sulfide 


at 


20 to 30° excess air is required 
turn atiects 
in Figure 4. It 
bered that in burning ZnS or FeS. oxy 


gen must be supplied to combine with 


trength a 


in gas 


should also be remem 


both the zine or iron and with the sulfur 
The plant referred to in this paper is 
operating with about 20° % excess air; 


the sulfide sultur, as stated, is averaging 
ibout 0.3% 
12% SO. 
the 
strength could be tolerated since the gas 
to the contact plant must be diluted to 
A 


10-129 leaving the roaster gives a mat 


and the gas strength 10 to 
From the point of view of 
producer, lower Sf do 


acid yas 


approximately 7% SOx. streneth of 


gin for both miscellaneous dilution and 
control dilution. The advantage of the 
FluoSolids that 
struggle to get 7% SO. at the converter 
with more 


roaster 15 there is no 


as 18 sometimes the case con 


ventional roasters 
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As a final point of reactor design with 
an assumed operating temperature of 
1,600° F., the minimizing of heat loss 
was desired. Accordingly, a 134-in. 
wall was used, consisting of 9 in. fire- 
brick, plus 4% in. insulating brick. The 
outside of the roaster shell is insulated 
with 2 in. of Fiberglas. It was estimated 
that this wall might keep heat loss 
down to 5% or less and that the shell 
would remain sufficiently warm to pre- 
vent corrosion because of sulfation. 

The general objective was to design a 
reactor which would operate smoothly 
and steadily, give dusi-free 
conditions, good heat 
quality product, ete. 


working 
recovery, high 


2. Design of Roaster Feed System. The 
problem of feeding the reactor was complicated 
inasmuch as moist (10% moisture) concentrates 
were to be received in a cold climate reaching 
40° F. below zero as a minimum. This necessi- 
tated provision of a thawhouse, 


largely of al 


constructed 


Consid 


rable debate en- 


sued as to whether the damp concentrates as 
received could be fed into the roaster by means 
of a small screw conveyor. It was, however, be- 
lieved that the screw would compress the moist 
cake, resulting in the formation of lumps in the 
roaster, which would be fatal to such a reactor. 
Dry feed was also considered but there was the 
expense of drying, and the fact that this would 
result in too high a temperature unless water 
was added in an amount equal to the t 


was important in view of the desire to have 
several hundred tons of concentrates in suspen- 
sion to eliminate shift and week-end work in 


slurry preparation. 


Moyno screw-type pumps seemed to be a good 
choice for feeding the roaster but as an addi- 


tional precaution oversize pumps were specified. 
A decision was also made to feed the roaster 
at two points in the belief that this would give 
good feed distribution in the large reactor which 


limits. Furthermore, the close heat bal- 
ance of the wet feed Fluosolids roaster 
would be adversely affected by the re- 
turn of ZnSO, since the reaction of 
2 ZnSO, 2 ZnO + Og + 2 SOz is en- 
dothermic. Also opposing dust return 
was the possibility of building up a cir- 
culating load of dust. Following this 
reasoning it was decided not to return 
the various dusts to the reactor. How- 


in the slurry feed—at least according to the heat 
balance that was made. Alternative methods of 
temperature control would be recirculation of 
cooled gas or cooled calcine. It is reported that 
certain European plants are feeding pyrite dry 
and that they have heat exchangers in the fluid 
bed. However, for a project which had to “go” 
on time such methods of temperature control 
were considered too risky. It was for these 
reasons that so much stress had been laid on 
heat-balance calculations. In any case, wet feed 
appealed from the viewpoint of ease. Also, it 
was believed that a stream of particles well sur- 
rounded by water immediately would explosively 
disperse on entering the 1,600° F. atmosphere, 
thus eliminating any risk of formation of lumps. 
Furthermore, problems of maintaining the gas 
seal at the feed inlet would be minimized. The 
heat balance was sufficiently reassuring particu- 
larly if the sulfated dust from cyclones and Cot- 
trell did not have to return to the circuit. It 
was decided to adopt wet feed. 

The next problem was how best to handle the 
wet feed. Concentrates containing 10% moisture 
were coming from the mines. It wos necessary 
to establish (a) that slurries up to 80% solids 
could be pumped and (b) that such slurries could 
be stored in agitators. Various mixtures were 
tested for pumpubility. It was concluded that a 
maximum of 81.5% solids could be handled by 
centrifugal pumps. At first it was thought that 
high speed and consequently high horsepower 
agitation would be necessary. test 
work established that these concentrates could 
be successfully handled by Dorr agitators rotat- 
ing at about 6 rev./min. 


However, 


This whole question 
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had been selected. For transferring slurry from ever, the possibility that such dusts 


storage agitators to feed agitators, centrifugal 
pumps adopted—rubber-lined VacSeal 
pumps. 

The feed system may be described briefly as 
wet concentrates into a pug mixer, into storage 
tanks by gravity, into feed agitators by oa 
VacSeal pump, and finally by Moyno pumps into 
the roaster. The feed is introduced onto the top 
of the bed. The “freeboard” temperature is 
only 25° F. to 50° F. below the bed tempero- 
ture. 


were 


The feed system appears to be gener- 
ally sound, Smooth and uniform roaster 
operation is being obtained. 


The reactor dis- 
charge takes place in two principal ways. 
Part of the calcine overflows at the dis- 
charge outlet, the rest passes out with 
the gas where it is eventually deposited 
in the waste heat boiler, cyclone or hot 
Cottrell. An important question in de- 
signing the plant was whether or not to 
return boiler, cyclone and Cottrell dust 
to the reactor. These various dusts were 
expected to be progressively higher in 
sulfate. However, it was expected that 
the dust collected in the boiler would not 
be too heavily sulfated and that perhaps 
the fraction passing on to cyclones and 
hot Cottrell would not be so heavily sul- 
fated as to put the average content of 
ZnSO, in the product over acceptable 


3. Reactor Discharge. 
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might have to be returned to the reactor 
or otherwise treated at some future date 
was not discounted. 

In practice, using a flotation concen- 
trate averaging about 25° + 200 mesh 
and a total of 459% +325 mesh, and 
when operating at a rate of about 140 
dry tons concentrates /day, it was found 
that about 30% the roaster. 
The other 70% is divided approximately 
follows: boiler 23°, cyclone 44%, 
hot Cottrell 3%. 

Handling of such dusts is convention- 
ally done by screw conveyor. However, 
in this installation extensive use was 
made of Fuller-Huron airslides with ex 
cellent Screw conveyors are 
still used directly under the boiler, cy 
clone, and hot Cottrell, but thereafter 
airslides effect transfer to and from the 
cooler and to the Fuller-Kinyon pumps 
which transfer the calcine to 
bins. 


overflows 


as 


success. 


storage 


C. INSTRUMENTATION 


Considerable emphasis was placed on 
instrumentation. The general desire was 
to have adequate, but not excessive in- 
strumentation, centralization of the in- 
struments and controls, and good protec- 
tion for instruments. 

Remote control of certain operations 
was desirable. It is also particularly im 
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Fig. 5. Flow sheet—zinc roasting sulfuric acid plant. 


portant that close control of pressures 
be maintained in a gas flow system con 
taining much fine dust in suspension and 
strong sulfur dioxide. 

Air enters the reactor windbox at 
from 4 to 6 Ib. /sq.in. Unlike other types 
of roasters there is no necessity to open 
doors. Except for the danger of sultat- 
ing the steel shell there is no need to 
worry about pressure. 
Solids reactors operating on pyrite often 


roaster *luo- 
operate under pressure as usually they 
are directly followed by a cyclone, and 
do not have any waste heat boiler. Hlow- 
ever, as a waste heat boiler and cleaning 
used in pressures 
must be maintained slightly negative. To 
meet this situation remote control was 


system is this case, 


employed at two key points in the sys 
tem. In Figure 5, it will be noted, that 
these key points are the hydraulic coup- 
ling controlling speed of the hot-gas fan 
following the waste heat boiler and cy 
clone, and the butterfly damper ahead of 
the main blower in the contact section 
of the plant. By either manual or auto 
matic control, the operator in the roaster 
control room is able to keep the entire 
and cleaning under 


roasting system 
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slight negative pressure at all times. 
This minimizes air inleakage to the sys 
tem. If desired the entire system may 
be put under stronger suction. The speed 
of the Moyno pumps may be regulated 
from the control room, 

in acid tanks several 
hundred feet away may be read in the 


Levels storage 
contact control room by means of remote 
pressure indicators operated from ait 
bubblers in the tanks. This 
ates well. 


system 


In general, up-to date electronic-type 
instruments have been used. There are 
two control rooms, one for the roasting 
and cleaning operation, the other for the 
contact plant toth are strongly lighted 
with fluorescent lighting and 
separate outside air ventilation provided. 


All instrument panels are set well away 


modern 


irom walls for ease of maintenance. A 
pleasant color scheme makes the two 
control rooms attractive centers. As in 
the thawhouse has been 
made of aluminum in control-room con 
struction. Kingstron stucco embossed- 
aluminum sheet makes an attractive non 
glaring surface which requires no main 
tenance. The control provided by the 


extensive use 
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instrumentation has been found 
particularly useful in starting the plant 


after planned o1 unexpected shutdowns. 


abov e 


General Comment—Operating Troubles 
and Results 


The plant first started operations on 
June 10, 1952. By the end of 1952 
17,000 concentrates dry 


some 
tons of basis 
had been processed for an acid produc 
tion of about 14,000 tons 100% 

Apparently as must be expected there 
It must be 
emphasized that in the construction ot 


basis. 
were a few start-up troubles 


uch a reactor the windbox must be com 
pletely airtight 
leaks around the periphery of 
the shell permitted the air blast to erode 
the insulating brick the shell 
and serious air by-passing resulted 
Alean developed a_ fluidized 
cooled calcine cooler of its 


In this particular case, 
certain 


next to 


water 
own design 
and considerable effort was necessary to 
The 
this 
cooler to function properly does not en 


achieve good operation trouble 


experienced in getting external 


courage one te install pipe coolers ot 


heat exchangers in the bed of the roaster 
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In the feed system little trouble was 
encountered after protective screens 
were installed before the VacSeal 
pumps. 

The boiler lancing has turned out to 
be a fair amount of work and there is 
an incentive to develop a practical cy- 
clone which would remove the dust load 
ahead of the boiler and yet not produce 
too many other troubles. Such a devel- 
opment would be a prime factor in pro- 
ducing a calcine with lower sulfate sul- 
fur content. 

The horizontal flow hot Cottrell ap- 
pears to be performing with high effi- 
ciency and the Peabody-type scrubber is 
satisfactory. 

Except for minor mechanical equip- 
ment difficulties in start-up, the Leonard- 
Monsanto contact acid plant is perform- 
ing well. 

Perhaps the major fault in design 
came about as the result of fitting the 
plant into an existing building. Because 
of column loadings it was not possible 
to place the boiler closer than 10 ft. 
from the roaster. As a consequence 
there has been considerable build-up of 
sulfate scale in the 10-ft. breeching be- 
tween the roaster and the boiler. Pre- 
sumably there is a radiation cooling ef- 
fect when the 1,600° F. gas in the 


breeching and the walls of the breaching 
“see” the cold black boiler tubes. So 
far this scaling is causing a two-day 
shutdown each month for cleanout pur- 
poses. Provision is being made for 
cleaning out this scale on the run. Scale 
so formed along with scale which forms 
on the first rows of boiler tubes will be 
crushed and screened in close circuit 
during operations and passed out with 
the calcine product. Table 1 (below) 
indicates typical operating figures. 
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TABLE 1. 


NOVEMBER, 1952 


Total concentrates consumed 


. 31% 
Iron .3-5% 


Screen analysis ..... 


Sulfur in concentrates 
100% acid produced ... 
Zine calcine produced 


Sulfur efficiency .......... 

Analysis of calcines produced 
% sulfide sulfur . 

% sulfate sulfur .... 


Tons concentrates/ton 100% acid 
Tons calcine/ton concentrates . 
Pounds net steam/ton 100% acid . 
Slurry density avg. % Sol. 


Waste heat boiler outlet 


25% + 200 

45% + 325 
994 short tons 
... 2,884 short tons 


* There was some air by-passing at the time. 
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Discussion 


Herbert Kay( Pittsburgh Consolidation Coal 
Co., Library, Pa.) : What about the inter- 
relationships between size of the material 
being fed to the FluoSolids roaster, ve- 
locity in the roaster, carry-over of solids 
resulting from this velocity, and tempera- 
ture gradients experienced ? 


T. T. Anderson We have a space rate of 
about 1 ft./sec. in that bed and in the range 
in which we have operated | don't think 
we have noticed anything. There is no 
temperature gradient in the bed which we 
can measure. 


Herbert Kay: Referring to 1 ft./sec., you 
mentioned zinc concentrates of the order 
of 55%-325 mesh. Is that prior to feeding 
to the pumps or after discharge of the 
pumps ? 


T. T. Anderson: I've been trying to get a 
little information on that same thing my- 
self. The information we have to date indi- 
cates that the mixed material, that is, the 
total calcine from all sources, whether it 
be roaster, boiler, etc., is no smaller than 
the feed. In fact, there is some indication 
that it wasn’t as small, which might be ex 
plained by the sulfation in the hot Cottrell 
and elsewhere but I wouldn't want to give 
a definite answer to that. We might be able 
to answer a little more accurately a year 
from now. 


Herbert Kay: [0 you have some quantita- 
tive figures on carry-over of solids from 
the FluoSolids bed? What per cent do you 
get out of the bottom? 


R. Bolduc: For the carry-over we have 
25% deposited in the boiler, 50% in the 
cyclone, 2% in the hot Cottrell, and about 


overflowing the roaster 


T. T. Anderson: In respect to this carry- 
over we are handling a finer concentrate 
now than we had contemplated, and finer 
than I have indicated in my figures. 


V. W. Uh! (Bethlehem Foundry & Ma- 
chine Co., Bethlehem, Pa.) : Concerning the 
fusion of the material in the reaction bed, 
how close a temperature control is it neces- 
Sary to hold ? 


R. Bolduc: So far we have not had any 
trouble with fusion and the control prob- 
ably can maintain bed temperature within 
5° F. We operate at the present time at 
1,600° F, The temperature control is auto 
matic. 


V. W. Uhl: What is the percentage of lead 
in the zinc flotation concentrate that was 
treated in the roaster ? 


R. Bolduc: Per cent of lead so far was not 
more than 1% 


Presented at A.I.Oh.B. Toronto Meeting. 
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Transition Flow of Fluids in Smooth Tubes 


V. E. Senecal and R. R. Rothfus 


transition in fluids 
flowing through conduits is of con- 
siderable practical and theoretical im- 
portance. The literature, however, con- 
tains few reliable data in this range of 
flow. The present investigation was 
undertaken to supply much-needed ex- 
perimental information on_ isothermal 
velocity distribution and fluid friction in 
smooth tubes throughout the zone be- 
tween purely viscous and fully turbulent 
motion. 

Flow characteristics at both ends of 
the transition range have been fairly 
well established by previous investi- 
gators. There appears to be ample 
experimental evidence that in truly 
laminar, steady, isothermal flow through 
tubes there is no appreciable slip at the 
walls, the Fanning friction factor is 
inversely proportional to the bulk Rey- 
nolds number, and the velocity distri- 
bution is parabolic as predicted by 
elementary theory. In fully developed 
turbulence at Reynolds numbers below 
100,000, the empirical friction factor 
correlation of Blasius (1), viz., 


f 0.079 
V. E. Senecol is associated with the E. |. 
Du Pont de Nemours & Co., Inc., Wilmington, 
Del. 


Original data and calibrations are available 
on interlibrary loan from Carnegie Institute of 
Technology, Pittsburgh 13, Pa. 


(1) 
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Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


Characteristics of laminar-turbulent transition have been studied by measurement 
of point velocities and static pressure differentials in air flowing isothermally 
through two smooth tubes. Data have also been obtained in the viscous and 
lower turbulent flow ranges. The presence of turbulence was observable at bulk 
Reynolds numbers greater than about 1,000. The major transition, which occurred 
in the narrow Reynolds number range between 2,100 and 2,800, was marked 
by extreme changes in the velocity profile. Data obtained in the lower turbulent 
zone were in agreement with those of previous investigators. 


appears to fit published data with suf 
ficient accuracy. 

The velocity distribution at low tur 
bulent Reynolds numbers is only ap 
proximately known. Data of several 
investigators (2, 5, &) indicate that 
even though the main-stream velocity 
profile at a particular value of the 
Reynolds number is represented satis 
factorily by the equation 


YPN | 


A+B (2) 


the effect of Reynolds number on the 
values of A and B is appreciable in the 
lower turbulent range. Equation (2) 
with A = 5.5 and B = 2.5 can, how- 
ever, be viewed as a rough approxima 
tion to the main-stream velocity dis 
tribution over the entire range of full 
turbulence. 

Although the transition zone has thus 
been more or less successfully bracketed, 
little has been done to trace out the 
alterations in flow characteristics which 
accompany the onset of stable turbu- 
lence. Numerous publications have 
shown Fanning friction factors to in 
crease sharply over those predicted by 
viscous flow theory in the Reynolds 
number range from 2,000 to 3,500. 
Lack of precision and variations in 
experimental technique have made it 
extremely difficult, however, to predict 
either the friction factor or the true 
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extent of the transition zone from these 
data. A few measurements of local 
velocities in transition have been made 
by Morrow (4), but his data fail to 
meet the requirements of theory in 
laminar motion and, therefore, appear 
to be unreliable. Stanton and Pannell 
(10) have experimentally determined 
the ratio of average to maximum velo- 
city at three transition Reynolds num- 
bers. Their data appear to be reliable 
but too limited to be conclusive 


Scope of the investigation 


The principal objectives of the pre- 
sent experiments were the following: 


1. To obtain additional information on fluid 
friction in transition zone from precise measure- 
ments of static pressure differentials. 


2. To measure distribytion of moin-stream local 
velocities by means of minute impact tubes. 

3. To supplement previous data on ratio of 
averoge to maximum velocity in transition range. 
4. To establish, for one type of entrance, the 
true extent of transition zone and the repro- 
ducibility of dota within this zone. 

5. To supplement data of previous investigators 
in lower turbulent range and check present data 
with theoretical predictions in truly laminar flow 


No attempt was made to obtain local 
velocities near the pipe wall because 
impact tubes do not appear to be reliable 
in this region (5, 7, 9). Furthermore, 
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only a square-edged entrance with an 
ordinary magnitude of disturbance was 
used in order to maintain the effect of 
entrance conditions at a practical level. 
The experiments were performed on air 
at room temperature flowing steadily 
and isothermally through smooth brass 
tubes of Y%-in. and 3%4-in. LD. Data 
were obtained at Reynolds numbers be- 
tween 600 and 10,000, 


Experimental Apparatus 


Although the present investigation 
was confined to the flow of air, the 
apparatus was capable of handling both 
gases and liquids. Figure 1 shows the 
combined system, but further descrip- 
tion will be limited to the gas flow unit. 


Room air was moved by a blower into the 
all-brass piping system. The flow rate to the 
system was controlled by a by-pass regulat 


packing gland through which the test pipes were 
inserted. 


The test sections were lengths of smooth yel- 
low brass tubing having inside diameters of 
0.500 in. + 0.002 in. and 0.750 in. + 0.002 in. 
The '2-in. tube was assembled in three sections 
12, 4, and 8 ft. long respectively in the direc- 
tion of flow. The corresponding lengths of the 
%-in. tube were 12, 4, and 10 ft. To preserve 
internal alignment, the ends of the sections were 
alternately shouldered and recessed. The angle 
iron framework on which the tubes rested was 
fitted with adjustable supports, which allowed 
the tubes to be locked into the axial position 
determined by use of a transit theodolite. The 
upstream test section extended into the surge 
tank and formed a sharp-edged entrance. Air, 
leaving the downstream test length was led to 
either of two individually calibrated rotameters 
and subsequently discharged to the atmosphere. 

Five static pressure tops were installed in the 


and two V-port valves. A cooling unit was pro- 
vided to insure isothermal flow. The air leaving 
the cooler passed through a section of flexible 
tubing, inserted in the line to minimize vibration, 
and then to a small cylindrical surge tank which 
contained a glass wool filter. The main surge 
tank was a 2-ft. cube fitted with an adjustable 


Pp shown in Figure 1. The taps were 
formed from flared tubing fittings ground con- 
cave and soldered over precision-drilled holes 
in the test sections. All static pressure leads 
were formed from fully annealed copper tubing. 
Pressure differentials were measured by either 
of two manometers. One of these was an ordi- 
nary vertical U-tube manometer filled with a 


red oil (manometer 2 in Fig. 1). The other 
(micromanometer 3) was a tilting-type instrument 
such as used by Rothfus, Monrad, and Senecal 
(7). Both pressure leads to this unit were fitted 
with short lengths of hypodermic tubing to 


d lea? 


Velocity profiles were obtained in the 4ft. 
test section at a point 3 ft. from the upstream 
end. A precisely machined traversing mechanism 
held the impact tube and allowed its opening 
to be located in the fluid section with an ac- 
curacy of +0.001 in. Impact tubes were formed 
from stainless steel hypodermic tubing and had 
internal diameters of 0.013, 0.020, and 0.028 in. 
They were of bent design in each case ond 
were ‘2 in. long in the direction of flow. The 
reference position of the impact tubes was 
established by electric contact with the pipe 
wall. Total and stotic pressures for the velocity 
measurements were obtained at the same plane 
normal to the mean flow of air. The impact 
pressure was measured by either of two micro- 
manometers. At low flow rates, a bubble-type 
instrument similar to that described by Falkner 
(3) was used (micromanometer 1). At higher 
flow rates, a micromanometer such as that used 
for static pressure measurements proved satisfac- 
tory (micromanometer 2). The pressure leads 
were similar to those of the static pressure sys- 
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tem and the micromanometers were again buf- 
fered by hypodermic tube resistances. 

The temperature of the flowing air was deter- 
mined from the action of a thermocouple situ- 
ated in the test section a short distance from 
the entrance. The room temperature was meas- 
ured by o precision thermometer with scale in- 
tervals of 0.1° C. Barometric readings were ob- 
tained with a vertical mercury barometer having 
the precision of 0.1 mm. Hg. The static pressure 
in the system at the rotameter position was 
measured on an open-end U-tube (manometer 1). 
The entire apparatus was protected from build- 
ing vibrations by rubber pads installed under 
the supporting framework. It was sought to 
attain a practical vibrational level in the equip- 
ment rather than one which could be reproduced 
only by extraordinary measures. 


Experimental Procedure 


The reproducibility of pressure-drop data was 
tested by varying (1) the direction of approach 
to a prescribed flow rate (2) the Reynolds num- 
ber interval between successive test conditions, 
and (3) the time which was allowed to elapse 


between the attainment of steady flow and the 
actual taking of dato. In each case, the pres- 
sure drop was measured over the maximum tube 
length permitted by the operating range of the 
micromanometer being used. Fluid properties 
were taken to be those at the temperature and 
length-average static pressure in the test section. 

The majority of velocity distribution and pres- 
sure-drop dato were obtained in separate runs, 
but some were taken simultaneously to permit 
direct comparison. It was thus possible to deter- 
mine the relationship g friction factors and 
Reynolds numbers based on moximum rather 
than average fluid velocities. Each velocity dis- 
tribution run provided a value of the ratio of 
average to maximum fluid velocity, but these 
data were ted by a of runs 
in which only the axial and average velocities 
were measured. 

The value of the impact tube coefficient was 
checked in streamline motion by comparing 
theoretical point velocities with those calculated 
from experimental impact pressures on the as- 
sumption of unit coefficient. At Reynolds num- 
bers above the fully viscous range, profiles were 
obtained with all three sizes of impact tubes, 


mb 


and velocities at corresponding points were cor- 
rected by extrapolating to the conditions of zero 
impact tube diameter. Symmetry of the velocity 
distributions was checked by obtaining data ot 
points on both sides of the pipe axis. 

After installation of the test section, the im- 
pact tube to be first used was positioned by elec- 
tric contact with the pipe walls and all static 
pressure taps were tested for uniformity of pres- 
sure gradient between stations. 
Experimental runs were begun by adjusting the 
air flow rate to a rough value based on the 
desired Reynolds number. It was found that 
isothermal flow through the test section could be 
closely approached by passing the whole quan- 
tity of air through the cooler without introducing 
coolant other than the room air itself. After 
conditions in the test section were calculated 
from the inlet temperature and the absolute 
pressure at the rotameters, fluid properties were 
determined and the final adjustment of the flow 
rate was made. 


successive 


Necessary impact- and static- 
pressure data were then obtained from the 
appropriate micromanometers. 
pressure fluctuations 


In each case, 


were averaged visually 


when the instruments were read. 
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Fig. 4. Friction factor and Reynolds number based on maximum velocity. 
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Results 


Experimental results are presented 
in Figures 2 to 6. Figure 2 indicates 
that the friction data were reproducible 
and independent of time and direction 
of approach to the desired Reynolds 
number. The region of rapid change in 
the friction factor is seen to be limited 
to Reynolds numbers between 2,100 
and 2,800. The Blasius correlation is 
met, however, only at Reynolds numbers 
above 3,500, and some deviation from 
the laminar relationship is observable 
at Reynolds numbers between 1,000 and 
2,100. The friction factor in the transi- 
tion zone appears to be a single valued 
function of the Reynolds number. 

Figure 3 shows the ratio of average 
to maximum fluid velocities to be in 
close agreement with those of Stanton 
in the lower turbulent range. Again, 
the greatest change in the ratio occurs 
at Reynolds numbers between 2,100 and 
2,800. Below 2,100 Reynolds number, 
the value of the ratio appears to be 
constant within the limit of experi- 
mental accuracy. 

When friction factors and Reynolds 
numbers are based on maximum rather 
than average fluid velocities, a reverse 
curve becomes evident in the transition 
zone as shown by Figure 4. This can 
mean only that the maximum velocity 
decreases with increased Reynolds num- 
ber in the region of rapid transition. 
The velocity profiles shown in Figures 
5 and 6 indicate that the decrease in 
maximum velocity is accompanied by a 
sudden flattening of the main stream 
distribution. The lowest proflle in each 
pipe is in close agreement with the 
parabolic distribution based on the same 
bulk average velocity. Deviation from 
parabolic flow increases steadily up to 
2,100 Reynolds number where the rapid 
alteration in the profile takes place. 
Full turbulence appears to be established 
at a Reynolds number somewhat below 
4,000. 


Discussion of Results 


It is believed that significant experi- 
mental errors were confined to the rota- 
meter and micromanometer readings. 
Both flowrators were individually cali- 
brated by the manufacturer with a 
stated precision of +0.5%. In the 
lower flow range of meter, the 
maximum error appeared to be about 
15% of the measured Micro- 
manometers 2 and 3 could be read with 
a precision of 0.0001 in. of water. The 
action (micromanometer 1) involved 
the growth of a paraxylene bubble in 
water and yielded readings which could 
be reproduced with a precision of 
0.00002 in. of water. The maximum 
the friction measurements 
the micromanometer was 


each 


rate. 


error in 
caused by 
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estimated to be 1.2% of the pressure 
drop in the worst case and much less 
than this over most of the Reynolds 
number range investigated. The per- 
centage error in the point velocity 
measurements caused by the micro- 
manometers was dependent on Reynolds 
number, tube diameter, and distance 
from the tube wall. In the worst case, 
the maximum error was estimated to 
be 6% of the velocity. The necessity of 
visually averaging the effect of pres- 
sure fluctuations in the micromano- 
meters produced an indeterminate error, 

At the lowest Reynolds number in 
each tube, comparison of measured velo- 
cities with the parabolic profile drawn 
to the observed average velocity indi- 
cated that all three impact tubes oper- 
ated with coefficients of unity. At Rey- 
nolds numbers above the laminar range, 
comparison of integrated and observed 
average velocities showed further cali- 
bration of the impact tubes to be neces- 
sary. Accordingly, corrected point velo- 
cities were obtained by extrapolating 


corresponding data obtained with the 
three sizes of impact tubes to zero tube 
diameter. In this manner measured 
velocities near the wall were found to 
decrease slightly with decreasing impact 
tube diameter. Comparison of observed 
average velocities with those obtained 
by integrating the corrected velocity 
profiles indicated that the mean value 
of the integrated velocity 1.40% 
s-in. tube and 0.920% high 
The corrected pro- 


Wad 
high in the ! 
in the 34-in. tube 
files were compared with parabolic dis- 
tributions drawn to the same value of 
the skin friction. By this means, the 
two point velocities closest to the wall 
of the tube were found to be too high 
in each case where appreciable turbu- 
lence was present at the points in ques- 
tion. The error in these velocities was 
sufficient to account for most of the 
difference between the integrated and 
observed average velocities. The action 
of the impact tubes further evi- 
dence that such tubes are not reliable 
in the vicinity of a solid boundary even 


was 
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Fig. 5. Velocity profiles in Y2-in. diameter tubing. 
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though they are reasonably satisfactory 
in the main fluid stream. 

Data of Figure 4 appear to scatter 
even less than those of Figure 2. This 
indicates that maximum velocities were 
obtainable with greater precision than 
bulk average velocities. It does not 
mean, however, that the accuracy of the 


maximum velocities was necessarily 
greater. 
Both the  velocity-distribution and 


pressure-drop data indicated the pre- 
sence of turbulence in the fluid at 
Reynolds numbers greater than about 
1,000. At the lowest Reynolds number 
investigated in each pipe, the deviation 
from the parabolic profile was so slight 
that it was necessary to compute the 
velocity gradient in order to detect 
turbulence near the center of the stream. 
The departure from parabolic flow was 
progressive with increased Reynolds 
number and was shown by both the 
velocity profiles and friction factors. 
This was in agreement with the dye 
traverses of Prengle (6) who reported 
that stable turbulence in tubes was first 
observable in the center of the fluid 
stream at a Reynolds number of 930 
and spread outward at 


The effect of main-stream turbulence 
on the skin friction was not great at 
Reynolds number less than 2,150. Fur- 
thermore, even though the departure 
from the parabolic velocity distribu- 
tion was appreciable at Reynolds num- 
bers immediately below 2,150, the ratio 
of average to maximum velocity re- 
mained close to 0.50, its value in fully 
laminar motion. Only above 2,150 Rey- 
nolds number, the value at which Prengle 
found that cross-currents first pene- 
trated almost to the wall, was the skin 
friction appreciably increased and _ the 


velocity profile greatly altered. 


The Fanning friction factors obtained 
at Reynolds number greater than 3,300 
were represented closely by the correla- 
tion of Blasius. Velocity profiles in the 
neighborhood of 4,000 Reynolds number 
were in essential agreement with those 
It is notable 
that the turbulent profiles obtained in 
the present experiments were in better 
agreement with the data of Stanton and 
Fage than with those of Nikuradse. 


of previous investigators. 


The same was true of the ratio of aver- 


age to maximum velocity in the lower 


turbulent region. 


a_ predictable The upstream calming length was 
rate as the Reynolds number was fur- sufficient to insure a fully developed 
ther increased velocity distribution at the point of 
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Fig. 6. Velocity profiles i 
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measurement. It should be remembered, 
however, that the present experiment 
were limited to tubes with square-edged 
entrances. Data should be used with 
caution when other entrance shapes are 
involved until more extensive informa- 
tion on their effect is available. 


The authors wish to thank Carl C. 
Monrad for numerous valuable sugges- 
tions and the E. I. du Pont de Nemours 
& Co., Inc., for fellowship assistance. 


Notation 
A,B = numerical stants, di ionh 
D = inside diameter of tube, ft. 


Fanning friction factor = g-DF/2V°L 
f' = friction factor based on maximum 


velocity = g-DF/2u»°l, dimension- 


less 
F = friction in energy balance Ap/p 
(ft.)(Ib. force) / (Ib.) 
g. conversion factor 32.2 (lb. mass) 
ft.) (Ib. force)(sec.)* 


t axial length of tube over which Ap is 
measured, ft. 


Nee = bulk Reynolds number DVp/u, di- 
mensionless 
Ne, = Reynolds number based on moximum 
velocity Dump/ 
\p static pressure drop caused by fluid 
friction, Ib. force/sq.ft. 
uv local fluid velocity, ft. 
uv. = maximum local fluid velocity, ft./sec. 
V = average fluid velocity, ft./sec. 
y = distance from tube wall, ft. 
uu = absolute fluid viscosity, Ib. mass/(sec.) 
(ft.) 
p = fluid density, Ib. mass, cu.ft. 
Te = shearing stress at tube wall, pound- 


als/sq.ft. 
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Conductivities of Gases at High Pressure 


he thermal conductivity of gases at 
high pressure have been measured 
previously by Sellschopp (7), Vargaftik 
(9), Keyes and Sandell (4), and Lenoir 
and Comings (5). The apparatus used 
in this investigation has been described 
by Lenoir and Comings. The ther- 
mal conductivity of nitrogen, meth- 
ane and argon was measured at 127° F. 
and that of ethane at 107° F., 134° F., 
and 153° F. over a pressure range from 
1 to 200 atm. The ethane exhibited an 
anomalous variation of thermal conduc- 
tivity compared with other gases. 

sriefly, the measurements were made 
by passing heat radially through an an- 
nular layer of gas 0.008 in. thick. This 
layer was in series with a similar layer 
of a standard gas. The apparatus was 
calibrated with gases of known thermal 
conductivity in the test gas annular 
space at one atmosphere and was then 
used to determine the unknown value of 
the thermal conductivity at elevated 
pressures. Errors caused by radiation 
across the annular spaces have been 
shown to be negligible. Small correc- 
tions were applied for apparatus end 
effects and for the increase in gas layer 
thickness caused by the increase in pres- 
sure. A detailed discussion of the method 
is to be found in the previous article 
(5). Results are listed in Tables 1-4, 
inclusive. 

The thermal conductivity ratio is de- 
fined as the thermal conductivity k at 
any pressure P divided by the thermal 
conductivity at atmospheric pressure k,, 
where both conductivities are at the same 
temperature. The results for methane, 
nitrogen and argon, listed in Tables 1-3 

J. M. Lenoir is now cssociated with University 
of Denver, Denver, Colo. 

W. A. Junk, Standard Oil Company (indiana), 
Whiting. 
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Measurement and Correlation of Thermal 


J. M. Lenoir, W. A. Junk, and E. W. Comings 


are plotted on Figure 1 as the thermal 
conductivity ratio as a function of re- 
duced pressure. They are compared in 
this figure with the correlation devel- 
oped by Comings and Nathan (/). The 
correlation is denoted by the solid lines 
at constant reduced temperatures. The 
arrow denotes the line with which the 
measured values are to be compared 
The agreement of the correlation with 
the nitrogen data is excellent. The cor- 
relation predicts somewhat low values 
for argon, and high values for methane. 

Gamson (3) presented a general cot 
relation for thermal conductivity at high 
pressure at a time when few experimen 
tal measurements had been made. The 
thermal conductivity of argon and meth- 
ane predicted by this correlation differ 
from the measured values by less than 
15%. The values predicted for nitrogen 
are from 19 to 25% too high and those 
for ethane are as much as 47 to 70° 
too high. 

On Figure 1 the results previously 
obtained on ethylene and carbon dioxide 
(5) are also plotted. The dotted lines 
represent the experimentally determined 
values; the solid lines, the Comings and 


Nathan correlation. The correlation 
does not fit the measured values well 
when the gas is close to the critical 


state, but predicts a good average value 
for gases relatively far from the critical 
state. In general it appears that a cor 
relation could be developed based on 
measurements now available which 
would be an improvement on the earlier 
one based on predicted values. 

So new a correlation has been devel 
oped which will avoid the large discrep- 
ancies in the region close to the critical 
state. Smoothed curves representing 
the experimental thermal conductivity 
ratios of the various gases were pre- 
pared. Values of k/k, were read from 
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these curves at convenient intervals of 
reduced pressure. These values 
plotted vs. reduced temperature at con 


were 


stant reduced pressure in Figure 2. 
Values of thermal conductivity ratio 


read from this figure were then plotted 
against reduced pressure on curves at 
constant reduced temperature as shown 
by Figure 3. This figure is the new and 
improved general correlation for pre- 
dicting the thermal conductivity ratio of 
any gas when its temperature 
and critical pres This 
graphical procedure was also employed 


critical 
ure are known. 
in obtaining the curves for pressures be 
Data in this 
range on nitrogen and methane and also 


low the critical pressure. 


the earlier data of Lenoir and Comings 


on ethylene and carbon dioxide are 


plotted on Figure 4. 
termined by Sellschopp (7) at tempera 


Certain values de 


tures below the critical temperature are 
also included in Figure 4. Although con 
vection was suspected of being present 
in some of Sellschopp’s measurements 
these values were not made under condi 
tions would lead to convection. 
The low pressure portion of Figure 3 


which 


was obtained from Figure 4. 
Table 4 the measured values 
obtained with ethane at three tempera 


shows 


tures. This gas, which had a stated 
purity of 99.007, was supplied by the 
Phillips Petroleum Co. The gas was 


used as received without further puri- 
Although the behavior of the 
ethane is similar to that of 
carbon dioxide, its thermal conductivity 
manner in the 
high pressure region. An irregularity 
exists in the 107.5° F. isotherm between 
a reduced pressure of 1.19 and 1.39 (58 
and 68 atm.) as shown by Figure 5 
this is the region in which the 
temperature coefficient of expansion is 
it is the region in which con- 


fication, 
somewhat 


varies in an anomalous 


Since 


greatest, 
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TABLE 1 


Thermal Conductivity of Nitrogen at 127° F. 


THERMAL 
CONDUCTIVITY 
B.t.u. / (hr.)(sq.ft.) 

(° F./ft.) 


0.0162 
0.0167 
0.0170 
0.0175 
0.0179 
0.0185 
0.0191 
0.0200 
0.0204 
0.0213 
0.0218 
0.0225 
0.0226 


PRESSURE 
ATM, 


1.0 
16.7 
30.9 
49.3 
68.6 
89.3 

109.1 
129.6 
148.8 
169.8 
187.3 
203.7 
216.7 


TABLE 2 


Thermal Conductivity of Methane at 127° F. 


THERMAL 
CONDUCTIVITY 
B.t.u. /(hr.)(sq.ft.) 
(° F./f.) 


0.0220 
0.0223 
0.0223 
0.0228 
0.0238 
0.0243 
0.0250 
0.0272 
0.0282 
0.0304 
0.0312 
0.0321 
0.0333 
0.0343 
0.0361 


PRESSURE 
ATM. 


1.0 
9.4 
15.2 
29.5 
42.6 
55.3 
66.8 
96.1 
110.4 
136.6 
150.7 
164.1 
174.9 
190.4 
203.0 


TABLE 3 
Thermal Conductivity of Argon at 127° F. 


THERMAL 
CONDUCTIVITY 
B.t.u. /(hr.)(sq.ft.) 

(° F./ft.) 


0.0114 
0.0115 
0.0119 
0.0122 
0.0124 
0.0127 
0.0132 
0.0133 
0.0136 
0.0143 
0.0146 
0.0156 
0.0159 
0.0163 
0.0164 
0.0168 


PRESSURE 
ATM, 
1.0 

14.4 
29.8 
42.9 
55.8 
67.9 
77.2 
95.6 

109.6 

122.2 

137.8 

163.0 

176.6 

189.8 

202.9 

217.4 


vection is most probable. To determine 
whether convection was present, the 
pressure was adjusted to 60 atm. and a 
series of measurements was made in 
which the over-all temperature differ- 
ence across the apparatus was varied 
from 4 to 16° F., maintaining the arith- 
metic average temperature of the gas 
constant. For this range of temperature 
differences the apparent thermal conduc- 
tivity was constant within the experi- 
mental error. The measured values 
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TABLE 4 


Thermal Conductivity of Ethane 


THERMAL 
CONDUCTIVITY 
PRESSURE  B.t.u./(hr.)(sq.ft.) 
(° F./ft.) 


0.0135 
0.0138 
0.0144 
0.0153 
0.0156 
0.0165 
0.0177 
0.0186 
0.0198 
0.0221 
0.0255 
0.0309 
0.0346 
0.0418 
0.0413 
0.0383 
0.0383 
0.0398 
0.0413 


0.0461 
0.0496 
0.0534 
0.0542 


0.0147 
0.0152 
0.0156 
0.0158 
0.0166 
0.0167 
0.0171 
0.0181 
0.0191 
0.0205 
0.0214 
0.0220 
0.0234 
0.0257 
0.0280 
0.0325 
0.0364 
0.0407 
0.0458 
0.0485 
0.0492 


0.0159 
0.0164 
0.0172 
0.0179 
0.0196 
0.0215 
0.0242 
0.0315 
0.0365 
0.0400 
0.0430 
0.0453 


showed no definite increasing or de- 
creasing trend. This indicates that the 
irregularity is due to a cause other than 
convection. 

Figure 5 shows the thermal-conduc- 
tivity ratio for ethane plotted vs. reduced 
pressure with the curved lines represent- 
ing the values predicted by the general 
correlation shown in Figure 3. Experi- 
mental values of the thermal-conductiv- 
ity ratio are considerably lower than the 


predicted values. Since measured vis- 
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cosity and P-l’-T data for ethane have 
been correlated reasonably well by means 
of the theorem of corresponding states, 
this anomalous behavior of the thermal 
conductivity was unexpected. In order 
to determine the reproducibility of the 
measurements at 107.5° F., they were 
repeated after moving the apparatus to 
a new location and recalibrating it. 
These more recent measurements are 
plotted along with the earlier data for 
comparison. The agreement between the 
two sets is within the expected experi- 
mental error. The irregularity in the 
curve near the critical density was also 
found to be reproducible. These are not 
entirely independent determinations as 
a measurement by another investigator 
using other apparatus would be. Also 
they do not determine the effect of im- 
purities in the sample since gas was 
taken from the same cylinder for all the 
ethane runs. 

One possible explanation of the sud- 
den increase in the thermal conductivity 
of ethane in the neighborhood of the 
critical density is that there is a tendency 
to form clusters of molecules in this 
region. Maass (8) has observed that 
above the critical temperature, which 
was taken as the highest temperature at 
which the meniscus between the liquid 
and the gaseous phases disappears, there 
is a region in which two distinctly dif- 
ferent densities exist simultaneously in 
the system. This has been attributed to 
the tendency of the molecules to form 
clusters in this region. There has been 
much discussion about the reliability of 
the experimental data in this region, but 
in general it has been observed that there 
is a range of several degrees, Centi- 
grade, over which considerable irregu- 
larity exists. Since the average temper- 
ature of the ethane in the thermal con- 
ductivity measurements was about 9° C. 
above the critical temperature, it was 
thought that the irregular region would 
be avoided. The temperature of the 
cooler wall in the test annulus, though 
not known precisely, is at least 6° C. 
above the critical temperature. It is 
possible, however, that even if the ir- 
regular attractive forces between the 
molecules are not strong enough to cause 
a significant amount of clustering, they 
may still provide a mechanism for trans- 
ferring energy in addition to that trans- 
ferred by the collision of the molecules. 

The large deviation of the experimen- 
tal ethane data from the corresponding 
states correlation casts doubt on the 
validity of this theorem for correlating 
thermal conductivity. While ethane is 
only a single instance of such deviation, 
it indicates the need of further measure- 
ments on larger molecules to determine 
whether this behavior is general. Such 
a discrepancy for thermal conductivity 
alone is to be anticipated since it is more 
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Fig. 1. 
Nathan correlation. 


internal 
molecules 


in the 
degrees of freedom of the 
than any of the other properties which 
have been correlated in this manner. 


sensitive to variations 


Enskog’s equation, on which the 
Comings and Nathan correlation 1s 
based, assumes that all the heat con- 
ducted by a gas is carried by the 


translational motion of spherically sym 


metrical molecules. The work of Pid- 


TABLE 5 
Thermal Conductivity of Ethane at 107.7° F. 


THERMAL 
CONDUCTIVITY 
PRESSURE B.t.u. / (hr.)(sq.ft.) 

ATM, (° F./ft.) 

1.0 0.0142 
11.4 0.0146 
19.7 0.0152 
28.0 0.0163 
37.8 0.0179 
42.7 0.0190 
46.5 0.0204 
50.7 0.0236 
53.1 0.0256 
55.9 0.0318 
59.4 0.0413 
63.7 0.0398 
65.7 0.0396 
70.2 0.0398 
77.8 0.0405 
88.4 0.0421 

100.8 0.0448 
114.2 0.0463 
127.0 0.0477 
139.2 0.0491 
152.2 0.0500 
172.3 0.0520 
192.6 0.0554 
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REDUCED PRESSURE 


Comparison of experimental results with Comings and 


Fig. 2. 


duck (6) and Eucken (2), however, has 
shown that an appreciable portion of the 
thermal conductivity of a gas at atmos 
pheric pressure may be attributed to the 
nternal degrees of freedom of the mole 
cules. Thus, in order to form a general 
correlation based upon Enskog’s equa 
tion, it 1s to assume that a 
constant fraction of the heat transferred 
to the internal of the 
molecules over the entire range of pres 


necessary 


is due energies 
sure considered. 

There is no basis for this assumption 
although it appears to give fairly good 
results for the previously 
reported (5). It might be expected that 
for mole 
Pid 


duck’s equations show that the deviation 


seven vases 


the deviation would increase 
cules less like symmetrical spheres. 


oi ethane may be accounted for by a 


suming that the portion of the heat 
transferred by rotation of the molecule 
is diminished considerably by the in 
crease in pressure to 200 atm. It is con- 
ceivable that the increase in pressure 
inhibits the transfer of energy by the 
rotation of the molecules rather than in 
crease it in the same proportion as the 
conductivity due to translation is in 


effect would be even more 


This 


pronounced 


creased. 
il the molecules were 


crowded close enough together to pre 
vent the free rotation of long molecules 
Further measurements may confirm that 


the thermal conductivity of more com 


nlex mole 


ules varies with change 


12 13 14 


REDUCED TEMPERATURE 
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Smoothed values of thermal conductivity ratio vs. 


reduced temperature. 


ssure ina manner which differs from 
This will in- 
that the general correlations of 


pre 
that of simpler molecules 
dicate 
thermal conductivity by Comings and 
Nathan, by pre- 
ented in this paper are not reliable 


(gamson, and the one 
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What is the thermal conduc 
Has 


Anonymous 
tivity of water vapor at high pressure ? 
it been measured ? 

J M. Lenoir 
water vapor at high pressure 
measured by Keyes and Sandell (2) or (4) 
No anomaly 
sufficiently high pressures 


The thermal conductivity of 


has been 


Ol paper was observed 7 his 


may 


ln becau 
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meeting, Cleveland, Ohio 


were not 


or that since there is 
sufficient rigidity in the molecule, this pe- 
culiarity would not occur. 


reached 


\fter all, carbon 
dioxide is a complicated molecule, but we 
presume that its 


rigidity prevents this 


anomaly from occurring. 


Anonymous: Hlow do you allow for the 
effect of radiation by your method of meas- 
uring the conductivity of a gas ? 

J. M. Lenoir: The 


covered in an earlier paper [see (5) of 


effect of radiation was 


paper] and I don't want to go into it now 
except to say it has been shown to be of 
negligible effect. Since that time W. A 
Junk (1), who has followed me in this 
work, has shown that even if there is ap 
preciable radiation, the error is not signifi- 
cant. Radiation simply does not play a part 
in this apparatus, 

B. F. Dodge (Yale New 
Haven, Conn.): It is radiation across the 


University, 


gap which is of concern, but what you mean 
is that it is so small as to be negligible 
There is a temperature difference, 

J. M. Lenoir: The 


cated with the walls of the 


ot course 
apparatus was fabri 
gas layer gap 
so that they would have a small emissivity 
With the extreme thinness of the gas layer, 
the heat-transfer rate by conduction is rela- 
tively high compared with the small radia- 
tion heat transfer. The low emissivity of 
the walls makes the fraction of heat trans- 
ferred by radiation small. Even though the 
walls did not have a low emissivity, the 
same results would be obtained. The reason 
for this is that the calibration curve takes 
into account the radiation heat transfer and 
the measurements are valid, provided the 
emissivity of the walls does not change ap- 
preciably between the time the apparatus is 
calibrated and the measurements are made. 

F. W. Preston ( Pennsylvania State College, 
State College, Pa.) : Do you feel that your 
correlation would predict the thermal con- 
ductivity of gaseous mixtures if molal aver- 
age reduced temperature, and pressure were 
used as correlation parameters. 

J. M. Lenoir: Yes, I think the correlation 
will work for gaseous mixtures if the mix- 
ture is a type that is not too complicated, 
and if the molecule is not too complicated 
so that you have internal degrees of free- 
think there are also some other 
With the recent work Keyes 
(3) has done on nitrogen-carbon diexide 


dom. I 
restrictions, 


mixtures, we should look on mixtures in- 
volving carbon dioxide with considerable 
caution and they probably could be expected 
not to fit the data. 
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Drying of Air in Fixed Beds 


L. C. Eagleton and Harding Bliss 


The rate of drying of air in fixed beds of activated alumina, Florite, and silica 
gel was studied. Effluent concentration as a function of time was measured at 


several valves of inlet concentration, bed length, flow rate, and temperature. 
It was found that the rate governed by diffusion both through the air film and 
within the particles, and performance coefficients are given. These data are 
directly applicable for design purposes, if the input water content is below 


0.003 Ib. water /Ib. air. 


he drying of gases in fixed beds is a 

widely practiced operation in the 
chemical industry, and it is representa- 
tive of the many fixed-bed problems 
which include ion exchange, heat trans 
fer, and the closely related, but more 
general operation of adsorption. All 
these processes are characterized by the 
break-through phenomenon in which the 
material discharged from the bed re- 
mains at a low concentration (or tem- 
perature) for a considerable period and 
then rises to that value of the stream 
entering the bed. This rise, when plotted 
against time or cumulative material 
passed through the bed, exhibits a gen 
eral S-shape. The particular shape and 
the horizontal displacement of this 
break-through curve are all important 
for design purposes and for understand 
ing the fundamental mechanism. Despite 
the wide use of this method of gas 
ing, the data in the literature are 
prisingly meager, particularly in 
range of variables covered, and it 


dry 
sur- 
the 
was 
the authors’ purpose, first to record and 
such data; 
the aim is to show how these data may 


present second, of course, 
be used for design purposes and to what 
extent they disclose information on the 
fundamental mechanism. 


Scope 


All runs were made with a drier ot 
0.628 in. 1.D 
dent variables, 
nearly constant as 
one run, 


indicated : 


The following indepen 
all of which were held as 
practicable for any 
the 


were studied over ranges 


Air rate: 33-520 (hr.)(sq.‘t.) 
Temperatures: 80, 95, and 110° F 
Inlet water 0.001-0.01 Ib. H.O 
Ib. air. 


Bed weight: 0.02-0.18 Ib. 


composition: 


lL. C. Eagleton is associated with Rohm & 
Haas Co., Philadelphia, Po. 
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Bed height: 0.16-1.75 ft. 

Initial water content of solid (other thon residual 
or bound water): zero, except for a few runs 
of a special noture. 

Adsorbents: Activated alumina, Florite, and silica 
gel. 

Particle-size range: 0.056-0.079 in. 

Regeneration conditions: Alumina and Florite 

more than 8 hr. at 400° F. 
Silica gel—more than 8 hr. ot 350° F. 


No attempt was made to control the 
pressure in the drying bed. Therefore, 
the value required to overcome bed fri« 

tion and flowmeter pressure drop was 
exerted, and at high flow rates this was 
as much as 150 mm. over atmospheric 
In most cases, it was essentially 
pheric. 


atmos 


Apparatus, Procedure, end Materials 


Air, stored in pressure cylinders, was 
throttled in a reducing valve to a glass 
wool, carbon and alumina-filled filter and 
thence to two saturators. These satura 


tors contained water (sometimes aque 
ous sodium hydroxide) to a depth of 
nearly 30 in. with contact promoted by 
stainless steel wool. The humidity of the 
air was adjusted and controlled accord 
these 


ed through 


ing to the pressure in 
The air then pas 
entrainment separator to 
with which the 


was controlled 


saturators. 
a simple 
a needle valve 
rate of flow to the 
The 


introduced to the drying tube 


drier 
wet air was then 
via a heat 
ing coil immersed in the same thermo 
the tube. The 
in. brass pipe, 12! or 26 in. long 
It was held and had a 
screen support for the adsorbent at the 
bottom. A thermocouple provided 
at the discharge end of the bed for ob 
serving the gas temperature. Lines be 
fore and after the drier led to the dew 
point meter with which the 
tent of the au 


stat as drier was made 


of 14 
vertical wire 


Was 


water 
and the 


con 


was determined, 
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line before the bed served as a by pass 


for prerun periods. This instrument was 
the General I-lectric port ible dew point 
potentiometer, described by Frank (3) 
and Stack (&) 
In operation 
passed until the 
for 15 
downward 


the 
rate and humidity were 


wet air was by 


constant min. Then the air 


through the drier and 


Was 
sent 
the run proper began. Recordings of 
dew point, effluent gas temperature, 
flowmeter differential, barometric pres 
sure, and saturator pre 
at frequent intervals. When the effluent 
dew pot reached and remained at the 
influent value for a short period, the 
run was stopped. In certain runs in 
which equilibrium rather than rate data 
were sought, the watch over flow rate 
was relaxed, but the run was continued 
for several hours after inlet and outlet 
dew points were the same to insure equi 
librium. 

The dew-point meter was calibrated 
by measuring the dew point of air satu- 
rated with bath of 
known and temperature, 
air of known dew point 
as follows: 


ssure were made 


water vapor in a 
constant 
\greement was 


Temperature of 


Saturation Bath Measured Dew Point 


33 °F 
18 
20 20 + 2° F 
109 100° F. 


The instrument was notably poorer be 
about 25° F. 
peratures, 


low than at higher tem 
largely caused by the appear- 
ance of ice as the condensed pha c. The 
ice was confirmed by the 


change in reflectivity of the 


presence ot 
condensed 
phase and by the sluggishness of its re 
sponse to temperature changes 
to the water The sluggishne 
below about —25° F. impairs accuracy. 
\lumina (Alcoa, Grade F 1), Florite 
(Floridin Co.) and silica gel ( Davison ) 
creened to 0.056 to 0.079-in 
and regenerated a 
ious section. They were stored in well 
filter flasks. The losses of these 
materials on ignition at the start and at 


compared 


ph ine 


were Size 


described in a prev 
ealed 
the end of the work were in agreement, 


indicating no appreciable moisture ad 


orption during storage. Samples were 
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weighed for introduction to the drying 
tube and again after each run to permit 
material balance. Properties of the ad- 
sorbents are given in Table 1. 


Data on the equilibrium and break- 
through runs are available in the disser- 
tation of Eagleton (1). Equilibrium 
data are portrayed graphically in Fig- 
ures | and 2 and the break-through data 
of a represenative run are presented in 
Table 2. 


interpretation and Utility of the Data 
General. 


The first factor which must be realized 
in considering a fixed-bed operation is 
the equilibrium or capacity requirement. 
A bed of a certain size has a fixed ca 
pacity for the adsorbate entering in the 
feed stream. In addition, the capacity of 
the adsorbent for smaller concentrations 
of adsorbate in the entering stream de- 
fines the shape of the equilibrium curve 
and is important in fixed-bed operation. 
For equilibrium curves concave toward 
the gas concentration axis (such as here 
in the region studied), the break-through 
curve would be a straight vertical line 
as in Figure 3a, if the rate processes 
for transfer from fluid to solid were in 
finitely fast, and if longitudinal diffusion 
were negligible. Then, finite rate proc- 
esses diffuse the break-through curve so 
that it-may appear as in Figure 3b or 
3c. Equality of the shaded areas in these 
figures is obviously required by the ma- 
terial balance. The curve in 3c is typical 
of the ones observed in this work. That 
in 3b is a typical Schumann-Furnas (4) 
curve, and it is apparent that these data 
do not conform to such shape. The rea- 
sons are simple enough. The Schumann- 
Furnas curves are derived for a linear 
equilibrium. This analysis also requires 
that the rate process be proportional to 
the difference between a concentration 
at the gas-solid interface and the aver 
age or bulk concentration in the phase 
that is rate controlling (the film con 
cept). Our system does not meet either 
the equilibrium or rate requirement. The 
latter point is supported by data on runs 
33, F9 and S7 in which the bed was 
presaturated to an extent that the bed 
might be expected to operate in the 
nearly linear part of the isotherm. No 
Schumann-Furnas curve could be 
made to fit these data. In short, the long 
“tails” of the break-through curves point 
to a more complicated mechanism, in- 
deed to solid diffusion as well as fluid 
diffusion, 

One may think that it is possible to 
fit a Schumann-Furnas curve to the 
lower portion of a break-through curve 


of any sort, and indeed it is. But, such 
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TABLE 1.—PROPERTIES OF ADSORBENTS 
0.056 to 0.079 in. 


47% voids (liquid displacement) 


Loss on 
Ignition True Solid 
Surface Area’ Regenerated Average Density, 
sq.ft./Ib.bed Sample,% Bed Density Ib. /cu.ft. 
7.54 7.1 51.2" 97 
8.69 6.8 51.2 97 
10.58 5.5 419 79 


* Calculated for spheres of this size after a count of the number of particles of this size range 
in a given weight of material. Greater irregularity of shape results in a greater number of particles 
and hence a greater area for Florite. 

* A different sample used in runs 1-11 was not included in average. 


Additional details on these matters are described by Eagleton (1). 


TABLE 2.—RUN 32 


Bed temperature—79.95° F. 

Bed pressure—766.1 mm. Hg 

Flow rate—0.003585 Ib. dry air, min. 

Inlet concentration—0.00282 Ib. H,O/Ib. air. 


Adsorbent—Activated alumina 

Particle size—0.056 to 0.079 in. 

Bed diometer—0.628 in. 

Bed height—9.84 in. 

Increase in bed weight during run—2.174 g. 


Weight of 
Dry Air Exit Exit Partial 

Time Downstream Dew Point Pressure, H.0 
min, Ib. mm. Hg. €/€o 
416.5 1.494 —45 0.108 0.0314 
420.0 1.505 —% 0.180 0.0523 
422.0 1.515 —32 0.224 0.0651 
424.2 1.521 —28 0.278 0.0808 
426.7 1.529 —25 0.328 0.0954 
428.2 1.535 —21 0.405 0.118 
432.2 1.550 —13 0.608 0.177 
437.0 1.566 — 7 0.812 0.236 
442.5 1.586 + 1 1.19 0.346 
450.0 1.613 + 8 1.64 0.477 
457.4 1.640 +13 2.05 0.596 
462.0 1.656 +16 2.35 0.684 
469.8 1.684 +18% 2.63 0.768 
480.0 1.720 +20 2.84 0.825 
488.7 1.751 +21'% 2.97 0.863 
519.0 1.860 +22% 3.12 0.907 
553.0 1.982 +23 3.16 0.919 
587.4 2.106 +24 3.31 0.963 
691.0 2.478 +24% 3.37 0.980 
855.0 3.064 +25 3.44 1.000 
Inlet +25 3.44 


TABLE 3.—EFFECT OF BED LENGTH ON ADSORPTION BAND WIDTH AT 
LOW INLET CONCENTRATION 


Inlet Bed Ay 
Concentration Weight ¢/¢. from 0.1 to 0.8 
Run Ib. water tb. air 9- Ib. air 
At flow rate of 0.0094 Ib.air min. 

1 0.0023 9.1 0.30 
2 0.0023 15.8 0.33 
W 0.0026 40.5 0.29 
13 0.0024 40.5 0.25 
At flow rate of 0.0036 Ib.air min. 

7 0.0024 20.4 0.23 
14 0.0024 20.2 0.19 
9 0.0025 40.5 0.24 
19 0.0027 40.6 0.16 
32 0.0028 40.5 0.18 
23 0.0025 75.7 0.19 
17 0.00100 20.2 0.27 
16 0.00096 40.4 0.30 
F5 0.0029 20.9 0.16 
F2 0.0029 84.1 0.18 
$1 0.0029 21.0 0.35 
$2 0.0027 40.6 0.39 
$3 0.0029 71.3 0.39 
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026 


0.36 


a procedure does not meet the material 
balance requirement at all as Figure 3d 
shows. this 
which satisfies the material balance is 
shown in Figure 3e, and the failure to 
match the kinetic behavior is apparent 


The only curve of sort 


Constant Band Width for Low Concentration 


When the equilibrium is concave to- 
ward the c-axis as shown in Figure 1, 
Gleuckhauf (5) has shown that this re- 
sults in a self-sharpening tendency, that 
is, the band( measured in units of amount 
of fluid through the bed between arli 
md O.8) tend 


as it moves down 


trary c, values such as 0.1 
to become less and less 
the bed. 


anced by finite rate processes, and the 


This tendency is counterbal 
net result is a constancy of band width 
This great 
mathematical simplification, may be sub 
jected to test by measuring the band 


idea, which results in a 


width for various bed lengths. These 
results for low values of c, are given 


in Table 3, 
the band width is indicated. 
It is evident in Table 3 that the band 


and practical constancy of 


width, while influenced by c,, flow rate, 
and nature of the adsorbent, is unaf- 
fected by bed length for any one com 


these other variables. It ts 


bination of 
also apparent that these band widths are 


small. 


Design Method for Low Concentration Feed 


This permits us to state the answer 
the design 


to one of our aims 


If one wants to design a drier 
for these low (about 0.003 
Ib. H,O/Ib. air and below ), one has only 
to consider the band width as measured 


question. 


values of c, 


here a constant. A long commercial bed 


to perform this drying operation would 


permit the same band width, and for any 


practical bed the design should be made 


on the basis of attainment of practically 


the full capacity of the bed at break- 
of it for 


through, or perhaps only 95% 


conservative practice 

Velo ity and entering concentration do 
affect the band width, as in Table 
3, but for practical values of these 
iables the band width is 
small, and the design method just de- 
cribed above should be 


clear 
var 
constant and 


itistactory 


Interpretation 


The proved constant band width mokes it 
possible to derive an equation, taking into ac 


count rates of diffusion in fluid and solid phases 


(the latter considerably simplified), as follows. 


The assumptions are: 


1. The adsorption zone is constant as it moves 


down the bed. 
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Fig. 5. Comparison of calculated and experimental break-through curves. 
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Fig. 6. Effect of bed length on shape of break-through curves at high values of cy. 
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Fig. 4. Comparison between actual (a) and 


assumed (b) isotherms. 


The isotherm which in truth is curved and 
concave toward the c-axis is of the following 
form which is also concave to the c-axis but 
made up of two straight lines 


, o—a 
a= a+— fora< q-« 


Co 
ond « = OforO<qa<a 


The equilibrium according to this assumption 
is sketched in Figure 4. 


Values of a are: 


0.025 alumina at 80° F. 
0.014 alumina at 110° F. 
0.022 alumina 95° F. 
0.020 Florite 80° F. 
0.20 silica gel 80° F. 


3. Rate equations are 

oq 
{ = — ei) (2) 
\ Ot / xm 


= k,S(qi — q) (3) 


This simplification of the solid diffusion equo- 
tion assumes a solid “film,” which is probably 
not so extreme as it first appeors because of 
the concentration of weight near the surface 
of a sphere. An exact mathematical solution 
of the solid diffusion equation with fluid 
diffusion in the unsteady state with a non- 
linear isotherm will probably be a long time 
coming. 


No concentration, pressure, or temperature 
gradients perpendicular to the flow. 


5. No interparticle diffusion or fluid diffusion 
in the direction of flow. 


With these assumptions and the method of 
Gleuckhauf (5) these equations were derived: 


for cp > 


co/te _ 


cokySy kySx 


Ce 


(4) 
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for ¢ > eo k,S is obtained from Equation (4) by plotting data tor high temperature runs so well 
where the constancy of band width was 


In c/cee vs. y for low values of ¢/c. and measur- 


tn 5 — softs ws ing the slope. With this value of k,S, the slope = not stu lied. Figure 5 shows the agree 
— of a plot of In (1 —c/c.) vs. y (Eq. (5)) gives ment on runs 23, 26 (even though this 

cote ck, Sy ky Sx 2 cp, thence r and k,S. was at O1), and S2. kor com 

1 — o/s aV v eo pactness, the time scale is different tor 

(5) These equations represent the behavior — the different runs Only comparison as 

in which of all the runs at low values of c, (below — to shape is possible. Table 4 summarizes 

“es 0.003 Ib. water /Ib. air) for all velocities, the most important run conditions and 

d temperature, and adsorbents studied. It the results ot the application of these 

r is particularly interesting that it fits the — equations 


TABLE 4.—RUN CONDITIONS AND PRINCIPAL CALCULATED RESULTS 


Material Ib.adsorbed (hr.) 
Bed Fiow Inlet Balance (Ib.bed)(!b.H.0) (Ib.air) 
Weight Temperature Rate * Concentration Error = aa 
Run’ 9- Ib.cir (hr.)(sq.ft.) Ib. water ks ks 


1 9.132 80.0 268. 0.00231 18.6 223 30. 

2 15.775 80.0 268. 0.00234 8.8 202. 11.3 
7 20.359 80.0 100.0 0.00240 1.6 85. 26 
9 40.479 80.0 100.0 0.00252 3.0 62.4 5.4 
10 40.495 80.0 176. 0.00260 —2.1 115 10.0 
1 40.470 80.0 256. 0.00257 1.4 194, 8.0 
12 40.425 80.0 53.8 0.00240 18.5 76.8 10.2 
13 40.511 80.0 256. 0.00241 5.3 154. 15.0 
14 20.186 80.0 100.0 0.00244 —46 97. 7.3 
15 20.217 80.0 55.8 0.00240 0.6 60.0 11.0 
16 40.411 80.0 100.0 0.000958 1.4 71.4 5.5 
17 20.223 80.0 100.0 0.000998 8.1 78.4 58 
18 20.196 80.0 256. 0.00120 ; 153. 37 
19 40.608 80.0 98.0_ 0.00272 5.5 88. 12.3 
20 40.542 80.0 192. 0.00276 2.0 125 10.6 
21 20.230 80.0 33.6 0.00272 ee 77.2 6.2 
22 40.595 80.0 518. 0.00280 5.5 355. 86 
23 75.702 80.0 100.0 0.00254 39 112. 49 
24 40.433 80.0 514. 0.00292 10.6 283. 14.1 
25 20.171 80.0 33.5 0.00276 8.0 55.9 19 
26 20.159 80.0 100.5 0.00986 — 5 131. 8.0 
27 40.442 80.0 51.4 0.00880 46 109. 3.1 
28 40.471 80.0 276. 0.00932 6.4 275. 12.7 
29 40.377 80.0 100.0 0.01010 59 107. 65 
30 77.410 80.0 100.0 0.01010 5.7 149. 3.3 
31 79.256 80.0 50.2 0.01002 2.5 101. 1.43 
32 40.464 80.0 100.0 0.00282 2.5 117. 41 
33 42.638 80.0 100.0 0.00788 5.2 
36 20.812 110.2 35.2 0.00195 6.4 75.1 3.6 
37 40.413 110.2 27). 0.00240 4.5 178 183 
38 40.587 110.2 35.1 0.01122 63 75.2 49 
39 41.184 110.2 272. 0.01044 60 255. 19.1 
40 40.379 94.8 34.4 0.01060 —§2 85 2.8 
4) 40.720 94.8 27). 0.01062 5.2 249. W7 
42 40.668 94.8 271. 0.00213 78 254. 63 
43 20.767 94.8 34.8 0.06191 _ 74.2 3.7 
44 0.00185 212. 


85 


0.00285 


F2 84.126 80.0 101.0 0.00294 49 84 40 
F3 25.013 80.0 35.2 0.00262 15 67.2 65 
F4 20.884 80.0 101.5 0.00300 —2.5 83. 74 
F5 20.876 80.0 101.0 0.00287 5.8 86. 9.2 
F6 40.996 80.0 507. 0.00282 97 276. 18.5 
‘7 40.501 80.0 101.5 0.00948 5.4 80 7.5 
F8 21.121 80.0 100.0 0.00139 1 68.8 48 
F9 21.833 80.0 100.0 0.00940 15 


0.00285 R4. 
$2 40.648 80.0 95.5 0.00267 5.0 50.8 bon 
$3 71.316 80.0 100.5 0.00294 2.5 85 10.4 


S4 20.487 80.0 35.2 0.00259 7.1 36.8 

$5 40.983 80.0 508. 0.00298 —09 216. 19.3 

$6 20.7.5 80.0 102.0 0.00124 71 71.5 15.0 

$7 21.838 80.0 102.0 0.00706 —0.4 
0.00934 112. 


Runs 1-44 alumina, F for Florite, S for silica gel. 
* Based on full cross-section of drier. 

* (Actual gain in weight)—(calculated gain from integrated curve) divided by (actual weight gain). 

“Primes refer to the area correction factor applied to Florite and silica ge! to bring them to the same area as alumina. See Table 1. 
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Fl 20.700 80.0 100.0 | 9.6 _ 8.0 


Plots of k,S and k,S show consider- 
able dispersion due to experimental er- 
ror, but such plots yield correlation 
equations as follows: 


Activated alumina 

and Florite = 9.3G9-55 
Silica gel 6.36955 
All three kS’ = 7.3 


in which G is in Ib./(sq.ft.). The above 
values can be used in Equations (4) and 
(5) for alumina, but they must be multi- 
plied by 7.5428.69 for Florite and 7.54/ 
10.58 for silica gel because of the dif- 
ferences in surface area as indicated in 
Table 1. 

The values of the coefficients k,S for 
alumina and Florite have been used for 
calculations of the J-factor as suggested 
by Ergun (2) and plotted against Rey- 
nolds number divided by (1—e). The 
values of J here are about 25% below 
those from the data of Resnick and 
White (7) and 500% below the data of 
Hurt (6). 

This method of kinetic interpretation 
is recommended as a basis for design 
even if the operating conditions differ 
somewhat from those studied here, pro- 
vided c, is low. For very similar operat- 
ing conditions, the measured band 
widths should suffice for design pur- 
poses, as above described. 


High Concentration Runs 


The above observations do not apply 
to runs of high inlet concentration, since 
here the band width is not constant. The 
higher concentration has accelerated the 
fluid diffusion rate to such an extent 
that the solid diffusion predominates and 
this diffuses the band greatly. Also, the 
linear portion of the isotherm at higher 
concentrations exhibits no self-sharpen- 
ing properties, and the band would dif 
fuse with any finite rate of adsorption. 
This effect for two lengths is shown in 
Figure 6. 

As the diffusion tail is lengthened it 
must push the break-through point back 
a great deal, and the bed-utilization may 
be much reduced as length is increased 
to commercial values. There is no 
quantitative interpretation of these re- 
sults, Since the c, is still well within a 
range of practical interest, much about 
drying remains to be learned, 


Conclusion 


This work shows that the phenomenon 
of drying in fixed beds is influenced by 
both fluid and solid diffusion. For con- 
centrations of 0.003 Ib. H,O/Ib. air and 
below in the influent (80-110°F., 1 
atm.), the band width is constant and 
small, and as a consequence of this a 
commercial-size bed can be designed by 
assuming about 959% of equilibrium 
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utilization of the bed at break-through. 

A kinetic interpretation is presented 
which supports the contention that both 
fluid and solid diffusion rates are im- 
portant, and it correlates the data here 
very well. 

Influent concentrations of 0.01 Ib. 
H.O/lb. air are not explained or corre 
lated in this manner. The band diffuses 
rapidly and further work will be re- 
quired to explain results in this range. 
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Notation 


a = capacity of solid in equilibrium with gas 
of concentration ¢., Ib. HO/Ib. solid 
c concentration of water in air, Ib. H.O/ 


Ib. air 

cy concentration in oir at point of discon- 
tinvity, Ib. HeO/Ib. air 

ra concentration in air at gas-solid inter- 


face, Ib. HeO/Ib. air 


¢» = inlet gas concentration, Ib. H.O/lb. air 
= air flow rate based on free bed cross 
section, Ib./(hr.)(sq.ft.) 
J = mass-transfer factor 
k, = gas-film transfer coefficient, 
Ib. adsorbed 
( | 
Ib. air 
k, = solid-film transfer coefficient, 
Ib. adsorbed 
Ib. H.O 
(oe af.) ( Ib. solid 
q = average concentration of adsorbate in 
solid particles, Ib. HO/Ib. solid 
qi = concentration in solid at gas-solid inter- 
face, Ib. H.O/Ib. solid 
r= —k,S/k.S 
S = surface area of particles, sq.ft./Ib. solid 
S' = surface area for activated alumina, sq. 
ft./Ib. solid. Used with k, or k, as 
follows: k,S k,S’ for activated 
alumina; k,S times S for activated 
alumina/S for solid in question = 
k,S’ for solid (Florite or silica gel). 
t time, hr. 
V = air rate, Ib./hr. 
x = weight of bed, Ib. 
y = Vt— mx, lb. air downstream, Ib. 
a => constant 
e¢ = fraction voids 
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Discussion 


R. L. Costa (Mutual Chemical Co. of 
America, Baltimore 31, Md.) : Is that type 
of data not extremely close to, if not ex- 
actly the same as, that which can be applied 
to a single solute system in ion exchange? 


L. C. Eagleton: That is true. If the ion- 
exchange equilibrium is very favorable and 
not linear, the mathematics is identical. 
Some work on ion exchange has indicated 
that the rate of diffusion inside the particle 
is not as important as it was in this case. 
For those instances, the solution is slightly 
easier by having only the one rate equation 

the one for the diffusion through the fluid 
only. 


D. J. Kridel (Eastman Kodak Co., Roch- 
ester, N. Y.): In the correlation you 
showed of kys and your decision to use 
the average value, did you examine that 
from the point of view of trying to deter- 
mine the correlation coefficient or anything 
of that kind? 


lL. C. Eagleton: We did not. The reason 
was that there were fewer points on the 
extremes of the line than there were in 
the center and we thought that we did not 
have enough data to do that consistently. 


O. E. Dwyer (Brookhaven National Lab., 
Upton, L. L, N. Y.) : You might have got- 
ten a better correlation if you had consid- 
ered variations in concentration. We know 
that in gas transfer the cocflicient varies 
with the concentration of the diffusing com- 
ponents in the gaseous film. 


L. C. Eagleton: It was our opinion that on 
theoretical lines the gas-film coefficients 
would not change with concentration be- 
cause the diffusivity does not change with 
concentration. Did you mean that on theo- 
retical grounds you would expect it to 
change with concentration ? 


O. E. Dwyer: Diffusivity is just one factor 
in determining the coefficient. 


L. C. Eagleton: That is true. The film 
thickness is also one. Of course, the inerts 
are high. The amount of water is small in 
these runs so that it is not a case of con- 
centrated gas diffusing. We could easily 
put in a correlation of the small change 
observed experimentally and it would be 
all right, but, in view of the scattering of 
the data, we decided this refinement was 
not justified. It added a complication for 
a small gain in accuracy of predicting a 
break-through. 


Presented at A.I.Ch.E. Rochester meeting 
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THE PURPOSE STATED 


The rather sudden development of modern 
statistical methods confronts the chemical engi- 
neer with an opportunity and with a problem— 
the opportunity, that of increasing the precision 
and the validity of planned experiments, whether 
run in laboratories, in pilot plants, or in full- 
scale equipment, and the problem, that a new 
and unfamiliar set of ideas has to be mastered 
for which the engineer finds himself ill prepared. 

Dating the start of modern statistics from 
1908, when a chemist, W. S. Gossett, published 
@ paper on the probable error of a mean, it is 
no simplification to attribute the major part of 
the development since that time to R. A. Fisher 
and his school. These men worked in experi- 


mental agriculture and in genetics, yet the 
methods they developed and the principles they 
discovered hold when the following two condi- 
tions obtain: (1) It is desired to measure the 
simultaneous impact of a number of factors. 
(Present statistical methods appear to be applic- 
able to the study of from two to sixteen factors.), 
and (2) Repeated experiments, or tests, or runs, 
under conditions as nearly constant as possible, 
do not give identical results. Put this way, some 
engineers would say that practically all prob- 
It does not follow that 


all problems can be attacked by the statistical 


lems are statistical ones. 


methods currently available. 

The four papers presented in Cleveland at an 
A.1.Ch.E. Symposium on Statistical Methods give 
three broad classes of problems where it seems 
In this 
issue W. J. Youden’s pcper shows how to make 


profitable to apply statistical methods. 


efficient comparisons of a considerable number 
of “treatments,” or conditions, or varieties. In 
a succeeding issue K. A. Brownlee’s paper de- 
monstrates how to judge the simultaneous impact 
of a number of factors, when it is important to 
know whether or not each factor produces the 
some effect when the other factors are varied. 
The paper by V. W. Vaurio and C. Daniel covers 
desired 
to appraise the simultaneous effects of two kinds 
of factors. The first kind of factor has definitely 


a class of problems in which it is 


determined levels and produces effects that are 
constant for each level. The second kind of factor 
can be sampled only at random, and it produces 
only ‘scatter’; it is this scatter which is to be 
measured. The concluding article, by H. Schefté, 
gives the mathematical background required for 
making the judgments desired in the preceding 
poper. 


Three words—probobility, orthogonality (or 


balance) and r ss ize the ideas 


that are new to the engineer. The word probo- 
bility is used most often in these articles to refer 
to the relative frequency of making the error 
of judging an effect to be due to a named 
factor, when in fact it is due to chance fluctuo- 
tions. The idea of orthogonality is basic to all 
four papers. Its presence for exomple, permits 
each measurement in the Vaurio-Daniel paper 
to be used twenty-two times, each time in a 
different way. 


CUTHBERT DANIEL, Chairman 
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Making One Measurement 


Do the Work of Two 


W. J. Youden and W. S. Connor 


National Bureau of Standards, Washington, D. C. 


Frequently measurements are made under conditions which are either hard to 
specify precisely or difficult to hold constant for any considerable period. Cor- 
rections for drifts or shifts arising from these uncontrolled conditions are often 
based on measurements made upon control or standard samples periodically 
introduced in the work schedule. These standard samples make possible the 
adjustment of the measurements on the test samples at the price of diverting 
effort that might otherwise be spent on test samples. The standard samples may 
be dispensed with by picking out certain ones of the test samples for measure- 
ment at a later time. This paper presents some schedules for the selection of 


test samples for remeasurement. 


When the schedule possesses a balanced 


symmetry the arithmetical operations for adjusting the observations become simple 
and easy. Furthermore, all the measurements made contribute information on 


the test sample. 


—— expend much effort to effect 
improvements in the reliability of 
their As a result re 
markable advances in the sensitivity and 


measurements. 


performance of instruments have been 
achieved. More attention has been given 
to the careful specification and control 
of external factors which may influence 
the results obtained these better 
instruments. The objective has been to 
reduce the uncontrolled residual varia- 
tion in measurements to the point where 
it would be of minor importance; 


with 


and 
even to achieve a state of affairs where 
such chance variations in measurements 
could be altogether ignored. It turns out 
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that it is an unending struggle because 


engineers put ever increasing demands 


upon their measurements. In 
tive world 


1 competi 
mall effects may have large 
economic Furthermore, 
scientific discoveries sometimes depend 
upon the differences of 
small magnitude 


consequences, 
detection ot 


It is worthwhile to consider what sort 
of success can be achieved by the control 
of disturbing external factors. One must 
first ascertain what factors are operat 
ing in this manner. Complete enumera 
tion of them is not easy and the search 
often ends when further improvement 


appears to require an undue amount of 
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work. When factors have been identi- 
fied, it is evident that the 
necessary control is costly and tedious, A 
In con- 


sometimes 


common tactor is temperature. 
sequence there exists a variety of de 
vices for controlling temperature. Al- 
ternatively, if the temperature is not 
controlled, it is recorded and an appro- 
priate adjustment made to the measure- 
ment. Almost invariably the measure- 
ments are still influenced by factors not 
specified of imperfectly controlled or not 
allowed for. That this is so is demon- 
strated by the universal experience that 
better 
agreement when they are made in the 
same laboratory than when each of two 
laboratories reports one measurement. 
Of course, there is no substitute for 
this tracking down of factors that dis- 


two measurements will show 


turb the measurements. It is necessary 
to get results that others can verify. But 
even today it comes as something of a 


shock to observe how much variation 


there is between laboratories when 
judged by the reproducibility of results 
within a laboratory. ‘This has stimulated 
the undertaking of large-scale and costly 
Far too 
the study only confirms what one already 
knew, namely, that the laboratories dis 


agree. The studies do not point the way 


interlaboratory studies. often 


to the elimination of the disagreement. 

Again, in the reduction of variation 
to the point where it does not obscure 
the 
the investigator, the growth of interest 
in Statistical techniques probably reflects 
a reluctant awareness that it will not be 
possible to eliminate variation in meas- 
urements. Statistical methods of intet 
pretation appear to many as a way of 
living with this variation and makine 
the best of it. 


small differences of importance to 


Within Laboratory Experiences 


Most researches are carried out in a 
given laboratory. 
a rule, not 


At this stage it is, as 
necessary to be concerned 
about the between-laboratory disagree 
ments in Usually the 


series of results obtained in a particular 


absolute values 
investigation are to be compared with 
one another. all 
that Presumably a_ sister 
laboratory that is known to get high re 
sulis would obtain a similar series all 
displaced on the high side and would 
draw the same conclusions. What may 
be overlooked is the existence of subdi 
visions within a laboratory that produce 
the same sort of disturbing influence 
found between laboratories. 


Relative precision 1s 


is required, 


These sub- 
divisions may be of many kinds, such as 
different operators, machines, 
batches of reagent. Even when it is 
recognized that such subdivisions con- 
tribute to the variation in the measure- 
ments nothing may be done about it. The 


days, 
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reason is that the series of measure- 
ments is often too long to make teasibie 
the obtaining of them in one time period 
with one operator on one machine, us- 
ing one homogeneous lot of material. If 
the investigation involved only two or 
three, or other small number it 
might be convenient to hold many or 
even all of the above f 


some 


factors constant 
and secure for the intercomparison of 
this small set a high precision. There is 
now available extensive array of 
schemes that extend to large sets the 
high precision associated with small sets 
of measurements. Statisticians refer to 
such schemes as experimental designs. 

Long before statisticians began to 
explore the subject of experimental de- 
sign, scientists in certain circumstances 
made use of its basic idea. The situation 


an 


that virtually forced an experimenter to 
use the idea usually arose when circum 
nd his control provided him 
with an extremely limited quantity of 
material. An additional 
supply would differ markedly from the 
first supply. Experimenters learned, how 
long ago no one knows, that the thing 
to do was to run a control measurement 
on each of the several lots of material 
and express the test results in terms of 


homogeneous 


the control. An example exists in ex 
posure tests with paints. It is known 
that the performance of a 
greatly influenced by the character of 
the surface to which it is applied. If the 
substratum is not uniform for all tests, 
then differences will be ascribed to the 
paints that are, in reality, due to the sub 
stratum. <A test 
wood, supplied by nature, and subject 


Neither are 


paint is 


common surtace 1S 


to all of nature’s vagaries. 


there anv obvious tests to satisfv. the 
that 


investigators various pieces ot 
are equivalent for the purposes of 
The 


falls back on a reasonable assumption, 


the exposure test. experimenter 
i.e., that two adjacent pieces cut from 
the same board would be as much alike 
as possible. The device employed is sim 
ple. The 
pieces ot board as there are paints to 
and board in two 
pieces keeping track of their identity. A 
control or standard paint is applied to 


experimenter takes as many 


compare cuts each 


one-half piece from each board and the 
various test paints allotted to the 
maining half, somewhat as shown. 


re- 


BOARD 
1 
A 
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Obviously the comparison of any test 
paint, say D, with its standard or con- 
trol gives the best chance of a fair com- 
parison. If the 10 half-pieces had been 
mixed up and 5 painted with S and 5 
with the other paints there would be no 
way to match up like halves. It is quite 
conceivable, that the variation shown 
among the 5 pieces painted with S in 
the scheme shown, exceeds the actual 
differences among paints A through E. 
This does not matter as long as each 
paint is judged against its own stand- 
ard. Clearly the success of this scheme 
depends upon its being possible to show 
that, if the two halves from one board 
are painted with S, the results agree 
much better than when the pieces come 
from different boards. Presumably this 
must have been shown or half the ex- 
posure facilities would not be expended 
on the standard paint. 

The performance of each paint may 
be expressed as a per cent of the control 
from the same board and then these fig- 
ures used to rate the paints. Alterna- 
tively, the difference between the results 
for paint and its own standard 
could be taken and applied to the aver- 
age of all five results obtained with the 
standard pieces. This more 
useful, as the average for the standard 
fair idea of 


each 


might be 


so obtained should give a 
what might be the lite of the paint on 
an “average” board. 

If five boards are used only one piece 
of beard has received a given test paint, 
and it might be well to use ten or fifteen 
Smaller differ- 
ences between the paints will be detect- 


boards instead of five. 
able if the average of two or three test 
results can be used. 
The employment of a control paint 
has overcome the diversity shown by 
different pieces of board but at a heavy 
price of using up half the test boards 
with the paint. 
alternate way of setting up a “control” 
that was used at least thirtv-five vears 


contro] There is an 


ago in another connection. The painting 
schedule is changed. First, all possible 
pairings of the letters S A BC D E are 
formed. There are 15 different 
and these are assigned to 15 test boards 
as shown. 


pairs 


There is an immediate consequence of 
this revised arrangement. The 15 test 
boards make available 5 pieces for each 
of the test paints and the control paint. 
The preceding scheme, with the use of 
15 boards, would have provided three 
pieces for each test paint and 15 con- 
trol pieces. The three pieces for a given 
paint would have been compared with 
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B Cc D E 


the three corresponding control pieces. 

The problem is to set up a suitable 
control for the revised arrangement. 
One can consider test paint A, tested on 
boards 1, 6, 7, 8, and 9, and paint B 
tested on boards 2, 6, 10, 11, and 12. 


The following comparisons are set up: 


It should be noted that A is compared 
with a “composite control,” consisting 
of S, B, C, D, and E, while B is 
matched against a “composite control” 
consisting of S, A, C, D, and E. These 
“composite unfortunately 
not identical as they must be if they are 


controls” are 
to serve as how 
ever, easy to bring the two controls into 
If there had been a board, 
both ends of which had been painted 
with A, the 
should be zero 


A. If to 


a go-between. It is, 
agreement, 


between the ends 


That is, Ai 


difference 
equal to 


Xd 


a 
dded 

A-A 

the result is 


6A (S+A+B4 D+ E) 


composite control 


The composite ce ntrol is made to include 
all six paint 


A similar operation for paint B yields 


ob (S+A+B4+C+D-+E) 


composite control 
The same procedure is followed 
paints S, C, D, and E, all of which 
an expression with the same composite 
The appropriate Xd, 
vided by 6, gives for each paint the dit- 


for 
give 
control, when di- 
ference between the paint and the aver- 
the These 


differences, incidentally 


age of control. 


composite 
average which 


are based upon five test pieces instead 
of three, serve to rank the six paints. It 
was suggested previously that, when S 
was the control, the average difference 
between a paint and its matched control 
could be added to or subtracted from 
the all the control pieces 
Equally here, the obvious value to use 


average ot 
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tor the composite control is the average 
of all 30 results, i.e., the five pieces avail 
able for all six paints. 

If there is any hesitancy in adopting 
this synthetic a reference 
value one may, if one desires, compare 
any paint A with the control S by taking 
1/6(Xd, — Xd,). The composite 
trol, whatever its value, drops out of the 
picture. This difference may 
be applied to the average of the absolute 
for S obtained from the 
with S. The various 
paints may thus still be expressed in 
terms of the performance of the stan 
dard. If the purpose is merely to rate 
the test paints among themselves then 
S may be omitted altogether. Ten boards 
would then suffice and provide four test 
for paint, imstead of 
when ten boards are used with a single 
control. 

This example with the test boards 1 
lustrates a general situation. Whenever 
there are unknown factors, or factors 
that are difficult to evaluate and control, 


control as 


con 
average 
values 


five 
pieces painted 


pieces each two 


recourse may be had to this device ot 
picking some small area and assuming 
that these disturbing factors operate im 
that area. Test re 


sults obtained within this small area ; 


the same way over 
influenced 

The effects of 
these unknown factors drop out in the 


The 


presumed to be equally 
these unknown factors. 
term area is used in 
The 
has the responsibility to detine the lim 
its of the ar 


comparisons 
a generalize experimenter 
i within which comparisons 
The ex 


areas ts 


may be advantageously mace 


istence of such homogeneous 
the indispensable condition for the pro 
fitable use of most experimental design 
\ growing body ol 
testimony that sucl 


do exist in the majority of experimental 


evidences provide 


homogeneou irea 


programs. 


Single vs. Composite Control 
Much 


vears to determine the most advantag 


work has been done in recent 


eous wav Of assigning the test items to 


the homogeneous area All the ways can 


ul otl 
to be 

signed invat 
Thost 


manner 


be resolved into one or 

pairs 
control, a 
iably to a part of each area is the 
primitive least efficient 


There are, however, some other consid 


manne 
of picking out the formed 
Use otras ole 
and 


erations of importance. For example 


ten paints, by the single comtrol 
quire only 


vstem 


ten boards, whereas the 
mposite control system calls tor forty 
tive boards. But the ten boards with the 


single control make no provision for 
estimating the precision of the compar- 
isons. If the repeated, using 
twenty boards in all, then the precision 
of the comparisons may be computed 


This is still fewer than 45. The forty 


set 1s 
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five boards will, of course, give a much 
better experiment and also give a good 
estimate of the precision, but there will 
be objection to such an increase in the 
size of the program. 

The attractiveness of the composite 
control arrangement would be much en- 
hanced if the requirement for a complete 
set of all possible pairs could be relaxed 
Such is the For example, with 
ten paints, instead of forty-five pairs 15, 
25, or 30 may be selected. The 15 pairs 
cannot be any chance selection but must 
fulfill certain requirements of symmetry. 
The following 15 pairs link the letters 
together, either directly or indirectly. 


case 


occurs three 
three 
These 


are also 


Each lettet such as A, 
times and is paired with just 
other letters, as H, I, and J 
three other letters, 1t turns out 
paired with the remaming six letters, as 
1B, IC, HD, JE, IF, HG. To put it 
another way: let the 10 letters represent 
football teams. Pick a team. This team 
plays three other team These three 
other teams meet the six teams that did 
not play directly the team first 
picked. Short ot ¢ ich team playing all 
other would be a 
ibove mentioned 


with 


nine teams, which 


heavy schedule, the 
scheme provides a satisiactory basis tor 
rating the teams 


The 


et up 


ame composite control can 
for th 
little more algebraic maneuvering ts re 
quired, The goal ts to set up, by using 


differences obtained from the pairs, a 


selection of but a 


pair 


comparison between a given letter and 
a compo ite control made up of a com 
letters. This 


B by adding up the fol- 


plete set ot may be done 


for the letter 


lowing pairing 


and, of course, 
B-B 
Resulting in 


(A+B+4+C+D+E4F 
+G+H+I1+4J) id, 


composite control 
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The factor of 3 for the first three dif- 
ferences was determined by inspection. 
It gave the desired composition for the 
control. This really amounts to a system 
of weighting. In comparing a given let- 
ter with a composite control more 
weight should be given to the letters met 
directly than to the letters met indirectly 
through the services of the intermed- 
iaries. 

Now the total number of boards for 
the ten paints has been reduced to 15, 
and an estimate of precision is still 
available. Three test boards have been 
used for each paint. To get three boards 
for each paint with the single control 
system 30, or twice as many, boards 
would be required. 

Picking a subset of 15 pairs from the 
complete set of 45 pairs leaves 30 pairs 
unused, These 30 pairs, too, as might 
be guessed, possess the necessary sym- 
metry to make possible setting up a com- 
posite control, Thirty boards would be 
needed and these would provide six 
pieces for each paint. Still another way 
of picking pairs which works for all 
numbers is to write half the letters at 
the head of a series of columns and the 
remaining letters at the left of a series 
of rows. The required pairs are given 
by the intersection of the rows and 
columns. Ten letters give the following 
arrangement. 


If there were nine letters the last row 
is omitted. The pairs are AF, AG, AH, 
Al, AJ, BF, BG, and so on. It is ap- 
parent that when A and B are compared 
F, G, H, I, J all serve as controls be- 
cause A and B have each met these five 
letters. The pairs thus selected do make 
it possible to set up as before a com- 
posite control and use the test material. 
previously expended on a single control 
for additional measurements on the 
items under test. 

The discussion thus far has been car- 
ried on as if the homogeneous area was 
sufficient to accommodate two, and only 
two, experimental items. Often three, 
four, five or more units constitute a na- 
tural area or block. A piece of wood 
might be sawed lengthwise and the re- 
sulting pieces then sawed in half. The 
four quarter pieces of the original piece 
of wood may be considered much alike. 
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Single controls are often used in such 
cases. Indeed, the larger block cuts 
down the proportion of work expended 
on the control item. There is a great 
gain also for the method of composite 
controls, because, each squad or block 
sets up a considerable number of the re- 
quired pairings. If the blocks contain 
jour items then six pairs per block are 
immediately obtained. An example ot 
how this may work out is afforded by 
the assignment of ten paints in sets oi 
four to five pieces of wood cut into 
quarters. 


There are six pairs per square, 30 pairs 
in all. A check will satisfy the reader 
that these 30 pairs are exactly the 30 
pairs left over when the 15 pairs prev- 
iously discussed, were picked from the 
complete set of 45 pairs which can be 
formed from the ten letters. It has al- 
ready been stated that the residual 30 
pairs are readily grouped so that the 
composite control can be set up for each 
of the letters. 
of wood have provided two test pieces 
for each letter, so that the number of 
test pieces (20) is even fewer than the 
30 test pieces required to form just 15 
pairs when the area accommodates only 
two paints. 

The same 30 pairings can also be set 
up by using ten blocks each of which 
accommodates three items. 


The five original pieces 


1 2 3 4 5 
A B Cc D E 
B E J A F 
Cc H D G A 
6 7 8 9 10 
F G H | J 
J E F 


The Effective Basic Principle 


The intention at this time is not to 
provide a catalog of such arrangements. 
Rather, the desire is to show how a 
basic principle, long employed in scien- 
tific work, has undergone some elabo- 
ration with an obvious gain in effec- 
tiveness. Less than twenty years 
ago Yates (5) wrote the initial theo- 
retical paper in this field. Much of the 
important development of the theory of 
these arrangements is due to Bose (1, 
2). The earlier arrangements put little 
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stress on holding to a minimum the 
number of tests pieces, chiefly because 
it was thought that the major field of 
application would be in agriculture. 
There are two recent books on the de- 
sign of experiments (3 and 4). An ele- 
mentary introduction is also available 
(6). 

These arrangements are not an aca- 
demic pastime. They are useful in the 
comparison of standard meter bars, 
Weston standard cells, temperature 
standards, and radio-activity standards. 
Such examples show that these arrange- 
ments are not limited to relatively crude 
measurements as may be the case in 
exposure tests. The utility of the device 
of a composite control is probably lim- 
ited only by the ingenuity of the experi- 
meniers in recognizing areas of homo- 
geneity in their operations and_ their 
taking advantage of the increase in pre- 
cision that such areas make possible.. 
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Forty fifth annual 


Errata 


In the article “Heat Capacity of Or- 
ganic Liquids,” authored by W. M. 
Chow and John A. Bright, Jr. (“C.E. 
April, 1953, page 175), diserepan- 
cies occur between some of the experi- 
mental values given in Table 3 and Table 
6. For example, heat capacity at 20° C. 
of benzene is given as 0.340 in Table 3 
and 0.407 in Table 6. The explanation 
is that values given in Table 3 are at 
or near 20° C., while those in Table 6 
are at or interpolated to 20° C. Actually 
the value for benzene and toluene in 
Table 3 are at 10° C., the nearest found 
at that stage of the work. 

These differences do not impair the 
usefulness of the correlation, since the 
correlations given in Table 3 and 6 are 
totally unrelated. However, errors might 
arise because of the temperature depend- 
ence of the constants given in Table 2. 
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An Investigation of Pressure 
Drop Through a Bubble Cap Plate 


J. E. Cauley, Jr., Guy Z. Moore, and M. Van Winkle 


University of Texas, Austin, Texas 


One of the many variables to be considered in the design of bubble cap fraction- Equipment 

ating columns is pressure drop through the plate. This problem, one of a series The column ond plate used were the same for 
in which the variables affecting the operation and design of bubble plate columns both phases of the study. The plate diameter 
are being investigated, was undertaken to study experimentally, through a 2-ft. 98 23.0 in. with a thickness of 0.25 in. A 


diam. plate, the effect of skirt clearance, weir height, vapor velocity, and liquid detailed layout of the plete is shown in Figure 1. 
Twenty caps were used on the plote and were 


rate on pressure drop. orranged in equilateral triangles spaced on 3 


Data developed here are applicable only to a bubble cap plate similar to the one and 33/SB4n. conten. The caps wore of Sis 
O.D. and were made of 18-gauge sheet steel 


used in this investigation. Results reported were obtained in two separate studies, |. 
etails of the cap and riser arrangements ore 
one in which pressure drop was determined as a function of weir height, and the — shown in Figure 2 


other in which pressure drop was obtained as a function of skirt clearance. Several weir sections made of 0.25-in. metal 
were provided in 0.5- and 1.0 in.-widths. The 


proper weir height was provided by screwing one 


of the weir sections on the plote, or one or more 

he ve = in combination. The ends of the weirs were 
TREPLUX DOWNCOMERS caulked with a wax bose modeling clay to pre 

vent leakage and the edges were machined flat 


tc prevent leakage through the weir sections 
. 
23 Die. when used in combination 


The column was made of a four-foot length of 
24.0-in. O.D. pipe having a wall thickness of 
0.25 in. An illustration of the major parts of the 


— 
x 


O1O © 


- 


column and their dimensions appears in Figure 3 


A ring of 0.5-in. round steel was welded to the 


column to provide support for the plate and the 


plate was clamped in the column by means of 
three J bolts. The joint between the plate and 


column was coulked with lead wool and painted 


with asphalt paint. 


The bottom of the column was made of 1.0-in 


steel plate and was arc-welded to the column 


Three legs, fitted with couplings and short nip- 


ples, were welded to the bottom of the column 


to allow adjustment of the plate level. A 6-in 


1.D. pipe was welded to the side of the column 


to provide an entry for the air. A 30-in. gauge 


J. E. Cauley, Jr., is now associated with Hum- 
40 ble Oil & Refining Co., Baytown, Tex., and 


G. Z. Moore with Celanese Corporation of 


America, Bishop, Tex. 


Fig. 1. Detail of plate. 
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cars: 


glass was placed on the side of the column for 
measurement of the liquid level. 

A centrifugal pump, rated at a maximum flow 
of 30 gal./min. and maximum head of 30 ft., 
was connected to the bottom of the column 
through a 2-in. pipe. The pump discharged 
through a 1.5-in. line which led to the reflux 
downcomers. An orifice union was placed in 
Orifices 
were available which covered a range of 0.527 


the line just before the downcomers. 


through 18.5 gal./min./ft. of weir length. A 
1.5-in. coupling was brazed to the union and 
was in turn brazed to the side of a 2.5-in. return 
bend which served as a header for the down- 
comers. Two sets of 2.5-in. pipe served as adjust- 
able downcomers when the weir height was 
changed. Two 2.5-in. pipes were attached to the 
underside of the plate through couplings welded 
to the plate to serve as outlet downcomers. The 
outiet downcomers reached within 3 in. of the 
bottom of the column. 

High pressure air (varying between 90 end 
106 Ib./sq.in. gauge) was furnished by com- 
pressors located about 500 ft. from the equip- 
ment. Two devices were provided for metering 
the air. For flow rates below 45 cu.ft./min. a 
Fischer and Porter bead guide rotameter with 
a 135-g. viscosity-immune float was used. The 
downstream pressure was indicated by a gauge 
calibrated from 0 to 100 Ib./sq.in. 

A 6.0-in. Venturi meter with a throat diameter 
of 2.0 in. was used for metering the air flow 
rates between 45 and 400 cu.ft./min. By means 
of two three-way cocks the differential pressure 
Venturi could be switched to 
A 30-in. 
manometer was furnished for differentials up to 


leads from the 
either of two moanometers. inclined 
5.0 in. of water. The angle of inclination pro- 
vided 5 in. of scale for 1 in. of pressure differ- 
A standard 24-in. 
was used for pressure differentials between 5.0 
and 24.0 in. 
all manometers. Six-inch galvanized stove pipe 


ential. U tube manometer 
Water was used as the fluid in 


was used for the meter run to the Venturi and 
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<@ Fig. 2. Cross-section of assem- 
bled cap and riser. 
Fig. 3. Detail of column. 


for carrying the air from the Venturi to the 
column. All joints and seams on the pipe were 
soldered. 

The pressure drop through the plate could be 
read with an accuracy of 0.01 in. by means of 
a 10 to 1 inclined manometer. 


Experimental Procedure 


The orifices controlling the water flow rate 
were calibrated by measuring the weight of 
water through each orifice in a definite period 
of time. Both the rotameter and Venturi meter 
were calibrated to read in terms of air at 80° F. 
and 14.5 |b./sq.in. abs., the prevailing temper- 
ature and pressure. 

The skirt clearance for the bubble caps was set 
by placirg 
thickness beneath the caps and adjusting the 


steel ‘set’ blocks of the proper 
two nuts on the riser bolt until the cap was 
level and at the proper clearance. The weir 
sections were screwed to the plate to give the 
desired weir height and the ends of the weirs 
were caulked with waxed base modeling clay. 
The column was filled with water until the water 
above the bottom of the 


Four ounces of Mobil Hydratone, a 


level wos 6.0 in. 
column. 
chromate-type rust inhibitor, were added for 
each 10 gal. of water. 

An orifice was placed in the orifice union and 
the circulating pump wos started. The air flow 
wes started and the rotometer reading and the 
downstream pressure as indicated by the pres- 
sure gauge were recorded. After the column 
reached equilibrium, the pressure drop across 
the plate was read from the 10 to 1 inclined 
manometer. Three flow rates were measured and 
the pressure drops recorded covering the range 
of flow measured by the rotameter. 

The three-way cocks and the leads from the 
Venturi pressure taps were adjusted so that the 
differential pressure was read from the 5 to 1 
inclined manometer. One intermediate air flow 
rate was measured and recorded. The pressure 
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drop was read from the 10 to 1 inclined man- 
ometer and recorded. 

The three-way cocks were then adjusted so 
that the differential pressure drop was read 
from the standard 24-in. U tube manometer. The 
air flow rate was increased, and three readings 
of air flow pressure drop and pressure drop 
across the plate were made and recorded, cov 
ering the range of the high air flow rates. In 
this manner, seven readings of the air flow 
measurement and pressure drop across the plate 
were made covering a range of flow rates of 
opproximately 4 to 400 cu.ft. min. 

The water and air to the column were closed 
off. 


moved, the next orifice wos inserted, and the 


The orifice controlling the liquid was re 


series of air flow-rate measurements and pres- 
sure-drop readings were repeated. After runs 
were made for each of the seven liquid rates, 
covering a range from 18.5 to 0.527 gal./min./ 
ft. of weir length, the weir height was changed. 
The seven runs for each of the liquid rates were 
repeated for each of the weir heights, which 
ranged from 0.5 to 2.5 in. in 0.5-in. increments. 

When runs were made covering each of the 
five weir heights, the column was shut down 
and the skirt clearance of the caps was changed. 
The skirt clearances were varied from 0.25 to 
1.1875 in. in 0.25-in. increments, except for the 
last change from 1.0 to 1.1875 in. 

In addition to these runs, the pressure drop 
across the dry plote was determined ot all skirt 
The 
procedure was the same as just described with 


clearance, including zero skirt clearance. 


the exception that there was no liquid flowing 
and weir height had no effect. 

Comments on Experimental Results 

Effect of Variables on Pressure Drop 

SKIRT CLEARANCE 


All other variables being held con- 
stant, as the skirt clearance was in- 
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creased, the pressure drop decreased, as 
shown in Table 1. The reason for the 
decrease was that as the skirt clearance 
increased, with constant mass velocity, 
constant liquid rate, and a constant weir 
height, the liquid head above the slots 
was decreased proportionately. 


WEIR HEIGHT 


As the weir height was increased, the 
pressure drop was increased. At con 
stant air mass velocity, constant liquid 
rate, and constant skirt clearance, the 
liquid head above the slots was increased 
with the increase in weir height. Table 
2 illustrates the change in pressure drop 
with the change in weir height. 


LIQUID RATE 


The pressure drop was increased with 
an increase in liquid rate. Table 3 illus 
trates the effect of liquid rate on pres 
sure drop when the air mass velocity, 
skirt clearance, and weir height were 
held constant. As the liquid rate was 
increased, the liquid head above the weir 
increased thus increasing the pressure 
drop. This that the 
height is not a true indication of liauid 


indicates weir 


head on the plate. 


MASS VELOCITY 


Above an air mass velocity of approx 
imately 60 Ib./(hr.) (sq.ft.), the pre 
sure drop was increased with an increase 


velocity. Below a mass ve 


in the mas 
locity of 60 Ib./(hr.) (sq.ft.), there is a 


definite dip in the pressure-drop curve, 
as shown in Figures 10, 11, and 12 and 
Table 4. The drop grew more pro- 
nounced as the weir height increased for 
a constant skirt clearance. It is believed 
that the decrease in pressure drop indi- 
cated the region in which weeping was 
taking place and the plate was unstable 
Weeping is used to define this region 
rather than dumping, since through ob- 
servation during the experimental runs, 
all of the individual caps were seen to 
be operating intermittently. As_ the 
pressure built up beneath the caps, sev 
eral bubbles would be released from one 
or two caps at a time depending prob 
ably on the variations in liquid head 
above the individual caps because of tur- 
bulence in the liquid flowing and agita 
tion caused by bubbles previously re 
leased by other caps. As long as the 
air velocity remained constant at low 
rates, the above cycle was continuously 
repeated with all of the caps bubbling 
intermittently. During the time the in 
dividual caps were not operating, liquid 
flowed down through the cap risers. In 
all cases when the air velocity reached 
approx mately 60 Ib all 
caps operating and 
the pressure drop was starting to in- 


( hr.) (sq.ft. ), 


were continuously 
crease with an increase in air velocity. 

The high pressure drop initially at the 
minimum and the 
quent decrease in pressure drop can pos- 
sibly be attributed to at least two fae 
tors: at of the 
caps were not bubbling and liquid was 
flowing down the risers, thus, only part 


air velocity subse- 


low air velocities part 


of the risers was taking the total air 
flow. The velocity of the air was there- 
fore increased, and because of the orifice 
effect, larger pressure drops were ex- 
perienced than would be attained from 
the same amount of air flow through 
the larger riser area when all caps were 
operating. Also, the actual liquid head 
was probably at a maximum while bub- 
bling was at a minimum. As bubbling in- 
creased, aeration increased, and, because 
the overflow weir height remained fixed, 
less of the liquid than that 
by the liquid 
plate by the weir was kept 
The more pronounced dips 
and recovery at the 
higher weir heights were caused by the 
increased liquid head above the slots. At 
low weir heights the dip was slight, de 
pending, of course, on the height of the 
slots in relation to the top of the weir. 


actually 
represented 
held on the 
on the plate. 


nonaerated 


longer periods 


Residual Pressure Drop 


An interesting correlation for the 
pressure drop through a perforated plate 
was obtained by Arnold, Plank, and 
Schoenborn (1) by plotting the pre: 
sure drop vs. air mass velocity at pat 
ameters of both weir height and liquid 
paper. The major 


were 


por 


bitte 


rate on log-log 
tions of the 
having positive slopes and tending to 
converge to a focal point lying to the 
right and off the graph. These slopes 
were found to increase as the liquid rate 
and the weir height were increased, At 
au of the curves 


curve traig! 


low velocities each 


Air Mass Velocity 300 Ib./(hr.)(sq.ft.) 
Liquid Rete 12.9 gal. min./ft. of weir length 


WEIR HEIGHT 1.5 IN. 


Table 1.—Effect of Skirt Clearance on Pressure Drop 


WEIR HEIGHT 


Air Mass Velocity 
Liquid Rate 12.9 


2.5 IN. 


Table 2.—Effect of Weir Height on Pressure Drop 


SKIRT CLEARANCE 


300 Ib. /(hr.)(sq.ft.) 
gal. min./ft. of weir length 


0.25 IN. SKIRT CLEARANCE 0.75 IN. 


Pressure Drop 


Skirt Pressure Drop Skirt Pressure Drop Pressure Drop 
Clearance inches of Clearance inches of Weir Height inches of Weir Height inches of 

in. woter in. water in. water in. water 

0.00 1.81 0.00 2.38 1.0 1.33 1.5 1.36 

0.25 1.66 0.25 2.16 1.5 1.66 2.0 1.67 

0.50 1.49 0.50 2.01 2.0 1.94 2.5 1.93 

0.75 1.36 0.75 1.93 2.3 2.16 

1.00 1.20 1.00 1.82 


1.76 


300 Ib. /(hr.)(sq.ft.) 
0.50 in. 


1.5 IN. 


Air Mass Velocity 
Skirt Clearance 


WEIR HEIGHT 


Table 3.—Effect of Liquid Rate on Pressure Drop 


WEIR HEIGHT 


Liquid Rate 
Skirt Clearance 


2.5 IN. WEIR HEIGHT 


Liquid Rate Pressure Drop Liquid Rate Pressure Drop Air Mass 
gal. /min./ft. of inches of gal./min./ft. of inches of Velocity 
weir length water weir length water Ib. /(hr.)(sq.ft.) 

0.527 1.11 0.527 1.53 5 
2.41 1.22 2.41 1.66 15 
6.87 1.38 6.87 1.86 25 
10.5 1.45 10.5 1.97 50 
12.9 1.49 12.9 2.01 100 
15.6 1.55 15.6 2.08 200 
18.5 1.59 18.5 2.14 300 
400 
500 
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Teb'e 4.—Effect of Air Mass Velocity on Pressure Drop 


10.5 gal./min./ft. of weir length 
1.00 in. 


1.5 IN. WEIR HEIGHT 2.5 IN. 
Pressure Drop Air Mass Pressure Drop 
inches of Velocity inches of 
water Ib. / (hr.)(sq.ft.) water 
0.67 5 1.53 
0.61 15 1.43 
0.58 25 1.40 
0.64 50 1.48 
0.75 100 1.49 
0.94 200 1.66 
1.16 300 1.76 
1.36 400 1.88 
1.54 500 1.98 


1.76 600 2.12 
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LIQUID FLOW RATE, GPM/FOOT OF WEIR LENGTH LIQUID FLOW RATE, GPM / FOOT OF WEIR LENGTH 
had a portion which approached a hori Fig. 4. Left, residual pressure drop vs. liquid flow rate. 
zontal straight line, but having a slight Air mass velocity = 193 Ib./(hr.)(sq.ft.). 
positive slope. This horizontal portion Fig. 5. Right, Residual pressure drop vs. liquid flow rate. 
of the curve was attributed to the in o> ae velocity iedivg (he.)(sq.ft.). 
stability of the plate at the few ale wellec- ; Fig. 6. Below, Residual pressure drop vs. liquid flow rate. 
Air mass velocity 483 Ib./(hr.)(sq.ft.). 
ities. The authors reported that water 
drained freely through the holes adja- 10-— - 
cent to the inlet weir at the low velocities 1 8 } 
and little bubbling took place. As the a 6 
air velocity was increased, some perfor- = 4 
ations became operative, the number in- 5 3 J 
creasing steadily until all holes were 2 MINIMUM 
bubbling at the point where the two por x SUBMERGENCE | 
tions of the curve intersected. Above > 10 ; 
that point the plate operation was stable. 06 : 
For the sake of comparison with the 9 ’ 
work of Arnold, Plank, and Schoenborn, ra) a 
the experimental pressure drop through w e 
the bubble cap plate was plotted on log- 2 02 
log paper vs. air mass velocity at con- * 
stant liquid rate and parameters of ote 
constant minimum submergence (weir 4 006 ; 
height minus the distance from the plate $ 
surtace to the top of the slots). Although & 004 
nm O03 
the lower portion of the curve was re- WwW 
produced as a straight line having a « 002 
slight slope, the upper portion was found & 001 
a 
to have a slight positive curvature. O!| 02 0406 10 2 3456810 20 4060 100 
By subtracting the pressure drop LIQUID FLOW RATE. GPM /FOOT OF WEIR LENGTH 
through the dry plate and the minimum 
submergence from the total pressure with a positive slope. The slopes in- cy, made during the experimental runs, 
drop through the plate, a more satisfac- creased with an increase in minimum for much of the liquid transfer over the 
tory means of comparison was obtained. submergence. For a constant minimum — outlet weir to be in the form of splash- 
The remaining pressure drop was arbi- submergence the slope was approxi- ing at the lower liquid rates. A_ plot 
trarily defined as the residual pressure’ mately the same regardless of the air drawn from the data of Arnold, et al., 
drop. The residual pressure drop was velocity, although the intercept for each also resulted in straight lines when the 
plotted on log-log paper vs. liquid rate of the curves changed with a change in total pressure drop was plotted on log- 
at constant air mass velocities and air velocity. log paper vs. liquid rate at constant air 
parameters of constant minimum sub- Straight lines with positive slopes velocity. However, the results were in- 
mergence. These curves are shown in which increased sharply as the minimum — conclusive since runs were made at only 
Figures 4, 5, and 6. Circles indicating submergence increased made up the low- _ three to four liquid rates. 
data points were the average of the data er portion of the curves. At a minimum A more extensive investigation should 
points at that liquid rate and air mass submergence of 1.00 in. the slopes of be made before any definite conclusions 
velocity. the lower portion of the curves started can be drawn. The plots seem to indi- 
The portion of the curves above a_ to exceed the slopes of the upper por- cate that the pressure drop might be 
liquid rate of approximately 3 gal./min./ tions. The lower portions of the curves predicted by means of focal point and 
ft. of weir length was a straight line coincided with observations of a tenden- — slopes. 
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Correlation 
PREVIOUS WORK 


In recent many articles have 
appeared in the literature on the subject 
ot pressure drop through bubble cap 
plates. Much data and many equations 
presented have calculated 
theoretical basis and no comprehensive 
quantities of experimental data have ap- 
peared. A survey article by Ju Chin Chu 
(2) was published in 1951 in 
some recent articles were reviewed. 


years 


been on a 


which 


and 
4-in. bubble caps were presented in an 
article by Kemp and Pyle (5). 
ever, the applicability of their d 


Pressure-drop studies on 3-in. 

How- 
ata lor 
design work is questioned, since long 
and rather narrow plate sections were 
used for the tests. The effect of liquid 
flow on this type of plate could hardly 
be compared with the effect of liquid 
flow on a circular plate. 

\ study of the aeration effect of the 
hquid on the pressure drop was also 
discussed. Aeration of the deep liquid 
the inlet weir found to 
increase the vapor velocity required for 
stability, while at the outlet the 
pressure drop in the adjacent caps was 


seals at was 


weir 


increased by poor distribution of the 
vapor and the vapor velocity required 
for stability These 
effects were said to be counterbalanced 
by each other, and the depth of liquid 


was lowered. two 


above the cap slots was said to be uni- 
form across the plate. 

A correlation for the pressure drop 
through the dry bubble cap as a function 
of the air velocity through the slots was 
presented by Eld (4). The 
drop was given by the following equa 
tion : 


pressure 


(1) 


where 


h, = pressure drop caused by vapors 
flowing through bubble 
caps, mm. Hg 


dry 

= vapor velocity in riser, ft./sec., 

D, = density of vapors, lb./cu.ft., 

K, = constant (a function of the cap 
design ). 


Equations for calculating the pressure 
drop across bubble trays were presented 
by Cicalese, et al., (3). 
were presumably derived 


The equations 

from design 
data used by several companies and were 
in the main exponential equations based 
on the liquid and vapor densities and the 
geometry of the plate. Equations and 
charts were also presented for the cor 
rection of the pressure drop through the 
dry caps caused by liquid on the plate 
and for the pressure drop caused by the 
liquid head over the weir. 

The pressure drop across a bubble cap 
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plate was separated into component parts 
by Rogers and Thiele (7). The three- 
component parts were detined as pressure 
drop through the cap riser and annula: 
space, pressure drop through the slots, 
and pressure drop through the head ot 
liquid on the plate 
were developed 


Theoretical equations 
for 
riser, 


the pressure drop 
through the annular and 
The pressure through a 
single rectangular slot for an air-watet 


space, 
slots. 


drop 


system was presented as follows: 


(0.51) (0.078 4 


where 


volume flow through one slot, 
cubic feet per second, 
head of liquid, inches, 


NV, pe 


number of slots per cap 


volume cap, and 


In actual the slot 
would be affected by changes in 


prac tice, opening 
liquid 
head and vapor ve locity, limiting the use 


of the equation, 


Method of Correlation 


The best approach to a method of correlation 
oppeared to be that of separating the total 
pressure drop through the plate into its com 
The 


finally considered to be composed of the pressure 


ponent ports. total pressure drop was 
drop through the dry plate, the pressure drop 
caused by the minimum liquid seal or minimum 
submergence, and a residual pressure drop. 

The pressure drop through the dry plate was 
measured at the various skirt clearances during 
the experimental runs. This pressure drop was 
plotted vs. air mass velocity at parameters of 
constant skirt clearance. These curves were found 
to fit equations of the type described by Eld (4), 
the pressure drop being a function of the 
velocity squared. It was interesting to note thot 
for a constant cir mass velocity, the pressure 
drop across the dry plate was not found to 
decrease with on increase in skirt clearance. For 
a constant mass velocity the pressure drop wos 
found to be ot a moximum for ao zero skirt 
clearance and to decrease to a minimum at a 
skirt clearance of 0.50 in. The pressure drop 
was then found to rise to another maximum at 
a skirt clearance of 1.00 in. and then to de- 
crease for the limiting skirt clearance of 1.1875 
in. 

A skirt clearance of 1.1875 in. was considered 
to be the limiting skirt clearance because at this 
height the tops of the slots were level with the 
tops of the cap risers. 
in the 
pressure drop through the dry plate as the 
skirt clearance 


The moximum to minimum increase 
increased at constant air ve- 
locity was believed to be caused by the changes 
in expansion and contraction losses, and change 
of direction losses within the caps. Values of 
the pressure drop through the dry plate were 
checked against the values calculated by means 
of the equations of Cicalese, ef al. (3). Con- 
sistent correlation could not be obtained. The 


difference in the experimental and calculated 
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values was attributed to the difference in the 


size ond design of the cops. Further data on 
different caps and arrangements are necessary 
to enable definite conclusions to be made. 

The minimum submergence wes arbitrarily de- 
fined as the weir height minus the distance from 
the plate surface to the top of the slots in inches 
of clear water to facilitate its use as a design 
factor and to eliminate the necessity of determin- 
ing the height of the liquid over the outlet weir, 
the liquid gradient, or the average height of the 
Skirt 
height, slot height, and minimum submergence 


liquid over the weir. clearance, weir 
for this correlation are illustrated in Figure 7 

The residual pressure drop was defined os the 
remaining pressure drop after subtracting both 
the pressure drop through the dry plate and the 
The 
drops were found to become increasingly nego 


1.50 in 
hr.)(sq.ft.) for 


minimum submergence. residual pressure 
tive at minimum submergences above 
and air velocities above 400 Ib 
a constant liquid rate of 18.5 gal. min./ft. of 
These 


Figure 8, based on a liquid rate of 18.5 gal./ 


weir length curves ore presented in 


min./ft. of weir length 


CAP — 


SLOTS 


WEIR HEIGHT 
MINIMUM SUBMERGENCE 
SKIRT CLEARANCE 
SLOT HEIGHT 


Sm* H-C-h* H-(C +h) 


Fig. 7. Schematic nomenclature diagram 


The maximum deviation for the values of the 
residual pressure drop from the total pressure 
drop at the some mass velocity, liquid rote, and 
minimum submergence was opproximately 0.40 
in. of water down to a liquid rate of 0.527 gal 
min./ft. of weir length. To determine the points 
for plotting the residual pressure-drop curves 
the values of the 


for a constant liquid rate, 


residual pressure drop at the same air mass 
velocity and same minimum submergence were 
averaged. This process was repeated for each 
of the experimental data points for all of the 
liquid rates 

As the liquid rote was decreased, the residual 
pressure drops were found to decrease further 
and to become negative at progressively lower 
The 


decreasing and negative residual pressure drops 


air velocities and minimum submergences 


were believed to be coused by aeration of the 
liquid, by a natural decrease in liquid head 
above the slots with decreasing liquid rates, and 
by the splashing of liquid over the weir at high 
air velocities. 
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At liquid rates of 2.41 gal./min./ft. of weir 
length, and below, the tendency at high air 
velocities was for most of the liquid flowing to 
be transferred over the weir by splashing rather 
than by direct flow over the weir. The average 
liquid level was below the top of the weir 
under these conditions. 

In order to present a method of correlation 
which was convenient and easy to use, as well 
as retaining sufficient accuracy for the possible 
prediction of design data, the residual pressure- 
drop plot for 18.5 gal./min./ft. of weir length 
was made the basis for the correlation and no 
other residual pressure-drop plots are presented. 
Curves for the pressure drop as functions of the 
air mass velocity are both shown in Figure 8. 

To predict pressure drops for liquid rates 
other than 18.5 gal./min./ft. of weir length, a 
correction factor was found necessary. For each 
of the averaged data points for each constant 
liquid rate, the residual pressure drop, calculated 
previously, was subtracted from the correspond- 
ing residual pressure drop at 18.5 gal./min./ft. 
of weir length. 

The difference in residual pressure drops was 
found to be a constant within a maximum devia- 
tion of 0.02 in. of water for each liquid rate 
down through 10.5 gal./min./ft. of weir length. 
Below liquid rates of 10.5 gal./min./ft. of weir 
length the difference was found to be a function 
of the minimum submergence in addition to the 


liquid rate. The differences were constant within 
@ maximum deviation of 0.05 in. of water for 
each minimum submergence at each constant 
liquid rate below 10.5 gal./min./ft. of weir 
length down to 0.527 gal./min./ft. of weir 
length. Differences for the latter liquid rate 
were constant within a maximum deviation of 


0.12 in. of water. This high deviation at the 
lowest liquid rate was to be expected since 
little liquid was flowing at this rate. 

In Figure 9 the correction factor in inches of 
water is shown plotted vs. liquid rate in gallons 
per minute per foot of weir length at parameters 
of constant minimum submergence. 


Proposed Correlation 


The total pressure drop through the bubble 
cap plate can be predicted by the following 
equation: 


Ap = AP. + Sm + AP, — A: (3) 
where 
AP = total pressure drop through plate, 
inches of water; 
AP. pressure drop through dry plate, inches 
of water; 
Sm minimum submergence, inches of water; 
AP, = residual pressure drop, inches of wa- 
ter; and 
\, correction factor for liquid rate, inches 


of water. 


Knowing the air mass velocity, liquid rate, skirt 
clearance, slot height of the caps, and weir 
height of the proposed plate, all the component 
parts of the total pressure drop can be deter- 
mined directly. The pressure drop through the 
dry plate, AP., is determined from Figure 8. 
The minimum submergence, S», is determined 
by subtracting the skirt clearance plus the height 
of the slots from the weir height (Figure 7 for 
schematic definitions). The residual pressure drop, 
AP,, is determined from Figure 8. The correction 
factor for liquid rate, A:, is determined from 
Figure 9. 


No attempt was made to develop a 
rigorous mathematical expression for 
this correlation since the interrelation of 
the variables was obviously too complex 
to obtain a sufficient degree of accuracy. 


Comparison of Experimental and 
Calculated Data 


Plots of eleven runs showing both the 
experimental and calculated data plotted 
on the same scale are presented in Fig- 
ures 10-12. The experimental pressure 
drops for a random data 
points are presented in Table 5 with the 
pressure drop calculated from the corre- 
lation, the deviation from the experi 
mental, and the per cent error. For each 
liquid rate the maximum deviation and 
per cent error, and the average deviation 
and per cent error presented. At 
the end of Table 5 the over-all devia 
tions and per cent errors are noted. 

Both the deviations and per cent er 
rors increase as the liquid rate decreases. 
However, liquid rates below 2 to 3 gal./ 
min./ft. of weir length are seldom en- 
countered. In all casés the maximum 
deviation reported for the liquid rate 
was an isolated point and was usually 
found in the range of operation where 
the plate was unstable; 1.¢., the region 
where the pressure-drop curves showed 
a dip. The average deviation for each 
liquid rate was equal to or within the 
range of experimental error, and for 
liquid rates above 6.87 gal./min./ft. of 
weir length the maximum ceviation 
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Table 5.—Comparison of Experimental and Calculated Data 


18.5 gal./min./ft. of weir length 
= 0.5 in. 


Liquid Rate 


Liquid Rate 
Skirt Clearance 


6.87 gal./min./ ft. of weir length 
0.25 in. 


Skirt Clearance 
DEVIATION 


INCHES OF PER CENT 
WATER ERROR 


DEVIATION 
INCHES OF PER CENT 
WATER ERROR 


MASS VELOCITY 


MASS VELOCITY 
LB. /(HR.)(SQ.FT.) S,, CALC. EXP. 


LB. (HR.)(SQ.FT.) S,, CALC EXP. 


0.00 25 0.25 
—1.52 100 0.75 
— 1.08 300 1.25 

0.88 590 1.75 


25 0.0 
100 0.5 
300 1.0 
500 1.5 


0.77 
1.30 
1.84 
2.28 


0.77 
1.32 
1.86 
2.26 


0.00 
—0.02 
—0.02 

0.02 


0.75 
1.23 
1.75 
2.21 


0.72 
1.23 
1.80 
2.13 


0.03 
0.00 
0.05 
0.01 


4.17 
0.00 
2.78 
0.47 


Moximum Deviation 0.05 inches of water 


Average Deviation 


0.02 inches of water 


Maximum Deviation 
Average Deviation 


Maximum Per Cent Error 


6.1% 


Maximum Per Cent 


Error 


0.09 inches of water 
0.03 inches of water 
7.8% 


Average Per Cent Error = 1.3% Average Per Cent 


Error 2.3% 


Liquid Rate 


Skirt Clearance 


12.9 gal./min./ft. of weir length 
1.0 in. 


Liquid Rate 0.527 gal 


0.0 in. 


min. ft. of weir length 
Skirt Clearance 


DEVIATION 


INCHES OF PER CENT 
WATER ERROR 


DEVIATION 
INCHES OF PER CENT 
WATER ERROR 


MASS VELOCITY 
LB. (HR.)(SQ_FT.) S.,, CALC. EXP. 


0.65 
1.18 
1.50 
2.02 


MASS VELOCITY 
LB. /(HR.)(SQ.FT.) CALC EXP 


15.4 
96.5 
289.5 
482.5 


25 0.0 
100 0.5 
300 0.5 
500 1.0 


0.62 
1.17 
1.55 
2.02 


0.03 
0.01 
—0.05 
0.00 


4.84 
0.85 
—3.23 
0.00 


0.0 
0.5 
1.0 
1.5 


0.32 
0.78 
1.28 
1.77 


0.30 
0.71 
1.30 
1.73 


0.02 
0.07 
0.02 
0.04 


6.67 
9.86 
1.54 
2.31 
Maximum Deviation 0.06 inches of water 
Average Deviation 0.02 inches of water 
Maximum Per Cent Error 4.9% 
Average Per Cent Error = 1.6% 


Maximum Deviation 0.14 inches of woter 
Average Deviation 0.05 inches of water 
Maximum Per Cent Error 19.6% 


Average Per Cent Error 5.8% 


Overall Maximum Deviation 0.16 inches of water 
Overall Average Deviation 0.03 inches of water 
Overall Maximum Per Cent Error 19.6% 
Overall Average Per Cent Error 2.7% 


was also within the range of experimen 


and to the Tennessee Gas Transmission 
tal error. 


Co., Houston, Tex., for providing the 
casing used for the column shell 
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Fig. 10. Pressure drop vs. air mass flow rate. 

Liquid flow 18.5 gal./min./ft. of weir 


length. Skirt clearance = 0.5 in. 


Fig. 11. Pressure drop vs. air mass flow rate. 
liquid flow 12.9 gal./min. ft. of weir 
length. Skirt clearance 1.0 in. 


12. Pressure drop vs. air mass flow 
Liquid flow — 6.87 gal./min./ft. 
length. Skirt clearance 0.25 in 


Fig rate. 


of weir 
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Nitrogen-Methane Vapor-Liquid Equilibria 


M. R. Cines, J. T. Roach, R. J. Hogan, 
and C. H. Roland 
Phillips Petroleum Company 


Low-temperature vapor-liquid equi- 


libria of nitrogen-methane miuxtures 


were determined at —280°, 260°, 
240°, —232.8°, 220°, 180°, and 
150° F. The experimental data were 


smoothed and correlated by means of 
an empirical relation, log P A/T +B, 
for constant-vapor and -liquid compo 
sition, where P’ is pressure in Ib./sq.in. 


abs. and 7 is the temperature in degrees 
Rankine. Comparison with the data of 
Torochesnikov and Levius at —280° F. 


indicates that their data are in error. 


Chem. Eng. Progress Symposium Series, 49, No. 
6, 1 (1953). 


Liquid-Vapor Phase Behavior of the 
Methane-Nitrogen System 


O. T. Bloomer and J. D. Parent 
Institute of Gas Technology 


Liquid-vapor phase-equilibrium data 
for the methane-nitrogen system have 
been determined by a study of pressure 
volume-temperature relationships of the 
pure components and nine binary mix- 
tures thereof. The range covered is 
from atmospheric pressure through the 
critical region, P-7, 7-X, and P-X dia- 
grams and charts relating the vaporization- 
equilibrium constant to pressure and 
temperature have been prepared, and 
diagrams have been constructed to show 
the effect of composition on critical 
pressure and temperature. 


Chem. Eng. Progress Symposium Series, 49, No. 
6, 11 (1953). 


Correlation of Nitrogen-Methane Vapor- 
Liquid Equilibria by Equation of State 


H. H. Stotler and Manson Benedict 
Hydrocarbon Research, Inc. 


The Benedict-Webb-Rubin equation 
of state has been evaluated for pure 
nitrogen from existing data on P-l’-T 
properties, vapor pressure and the criti- 
cal point, Joule-Thomson coefficients, 
second virial coefficients, and iso- 
thermal changes of enthalpy. An equa- 
tion of state of the Benedict-Webb- 
Rubin form, from which a_ simplified 
correlation has been prepared, has been 
successfully fitted to the vapor-liquid 
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New York." 


equilibrium data of Cines et al. [see above] 


for the system nitrogen-methane. 


Chem. Eng. Progress Symposium Series, 49, No. 
6, 25 (1953). 


Ethane-Ethylene System Vapor-Liquid 
Equilibria at 0°, --40°, and --100 F. 


G. H. Hanson, R. J. Hogan, F. N. Ruehlen, 
and M. R. Cines 
Phillips Petroleum Company 


The data for each tsotherm concerned 
were smoothed by means of activity co 
efficients based on fugacities and five- 
suffix equations obtained from general- 
ized expressions reported by Benedict, 
Johnson, Solomon, and Rubin. The 
values of the constants for these activity- 
coefficient equations were selected so 
that the net area under the curve of the 
logarithm of the ratio of the activity 
coefficients as a function of liquid com- 
position was equal to zero. The result 
ing activity coefficients obey the Gibbs 
Duhem and the Scatchard excess-free- 
energy relationships and yield smooth 
p-x-y curves that are in good agreement 
with the experimental data. 


Chem. Eng. Progress Symposium Series, 49, No. 
6, 37 (1953). 


Equilibrium Vaporization of Reduced 
Crudes at Subatmospheric Pressures 


T. H. Paulsen 
Sinclair Research Laboratories, Inc. 


A correlation based on experimental 
data is presented for predicting the sub- 
atmospheric — equilibrium - flash - vaporiza- 
tion characteristics of reduced crudes. 
In the absence of experimental flash 
data, an empirical relationship between 
5-mm.-Hg-abs. Engler-type distillation 
and the 5-mm.-Hg_ equilibrium-flash 
curve is presented. 


Chem. Eng. Progress Symposium Series, 49, No. 
6, 45 (1953). 


Effect of Pressure on Vapor-Liquid Equi- 
libria for the System Ethyl Alcohol—Water 


Henry Otsuki and F. Campbell Williams 
University of California, Berkeley 


A modified Gillespie still used in the 
experimental determination of the vapor- 
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liquid-equilibrium relationship des- 
cribed. Isobaric-vapor-liquid-equilibrium 
data were determined for the system at 
1 atm., 50, 100, 200, and 300 Ib./sq. in. abs. 
Thermodynamic consistency of the ex- 
perimental data is shown by plots of the 
logarithm of the ratio of the activity 
coethcients vs. the liquid mole fraction. 
The van Laar equation is shown to be 
applicable for the system over the ex- 
perimental pressure range, and the varia- 
tion of the van Laar constants 4 and B 
with pressure is indicated. 


Chem. Eng. Progress Symposium Series, 49, No. 
6, 55 (1953). 


Applications of Integral Distillation 
Calculation Method 


Wayne C. Edmister and Donald H. Buchanan 
Carnegie Institute of Technology 


Two applications of the recently pro 
posed integral method of making equili 
brium-flash-vaporization calculations for 
petroleum fractions are presented. One 
of these applications is to irregularly 
shaped true-boiling-point curves by a 
segmental procedure. The other is to the 
solution of miultistage-fractional-distil- 
lation calculations for petroleum frac- 
tions. 


Chem. Eng. Progress Symposium Series, 49, No. 
6, 69 (1953). 


Prediction of Critical Temperatures and 
Critical Pressures of Complex Hydrocar- 
bon Mixtures 


Elliott 1. Organick 
United Gas Corporation 


A simple correlation is proposed tor 
predicting the critical pressures and 
temperatures of complex hydrocarbon 
mixtures. These critical properties are 
related directly to the composition of 
the mixture with the aid of two general- 
ized composition parameters: a molal- 
average and a weight-average property. 

The critical pressure and temperature 
for any complex mixture may be located 
simultaneously on a single plot from 
a point located on a grid formed by dis- 
crete values of the two composition para- 
meters. The value for each parameter 
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A sluicing pressure leaf filter may be Process Equipment 


described as a filter body designed 

for pressure operation applied by exter- 
nal torce of as much as 100 Ib./sq.in. 
and in some special cases higher, which 
contains vertical leaves providing a 
solids retention medium to effect sepa- 
ration on both sides. The sluicing dis- 
charge of the solids from the leaf media 
is accomplished by manually directed 
liquor (or water) or by mechanically 
operated spraying devices when the tank 
has been emptied of prefilt liquid after 
further cake building is no longer equal 
to process requirements. This paper bad 
Pressure Leaf Filters 
and filter designs for slmcing discharge 
History 

Near the turn of the century, the first 
successfully applied sluicing filter was 


~ 


, ‘ Edward A. Ulrich Buffalo, New York 
introduced to gold cyanide processes by 


C. W. Merrill (7). The Merrill filter 
was a modified plate and frame with a 
sluicing header extending through the 
central eye and grommets sealing the 
cloth at this point like a recessed plate 
press. Sprays rotated with the exter- 
nally driven header to erode cakes from 
the cloth medium and discharged the 
slurry from a corner eve, This cde velop- 
ment was followed by Sweetland’s sluic- 
ing pressure leat filter, the first of its 
kind. Vallez (see Fig. 1) joined the 


little | sl For many semicontinuous or batch-type pressure filtrations, the sluicing pressure 
market a iittle iter with a good siuie 


leaf filter produces high-clarity filtrates ('2 to 1 p.p.m. solids) and offers cleanli- 
ness, totally enclosed operation, low maintenance and operating cost, and reduced 
labor. It also eliminates manual cake handling. To apply sluicing filters properly, 
the filtration engineer must consider characteristics of cake solids, allowable maxi- 
mum amounts of sluice liquor, use of filter aids, disposal and or recycling of cake 
slurries, and type of sluice or spray nozzles to be utilized. 


ing design, although it contained draw- 
backs of mechanical complication and 
leaf inaccessibility. It is still highly effi- 
cient by modern standards. Still later 
the Suchar Auto filter was especially de- 
signed for the sugar-refining industry. 
This filter improved on the Vallez de 
sign by providing individual atmos- 
pheric outlets for each leaf, and leaves 
that could be individually removed when 
the filter was open. The first pair of auto 
filters was installed at the present South- 
down RKetinery, Houma, La., in 1928 
(2). Hercules and Niagara have mar- 
keted industrial-size sluicing filters in 
the past ten years. Hercules employs 
woven-wire filter media and the Vallez 
sluicing principle, substituting a quick- 
opening end closure for the split case. 
The first Niagara <Auto-Sluice filter 
was installed in Michigan Sugar Com 


Edward A. Ulrich, who received a B.S. degree in chemical 
engineering from Purdue University, is well acquainted with 
filtration. The article printed here comes from a symposium 
thick presented at the Cleveland meeting of the A.I.Ch.E.; at the 
time Mr. Ulrich was with the Niagara Filter Corp., Buffalo, 

N. Y., prior to its sale to American Machine and Metals, Inc. 
Sluice filter is shown in Figure 2. Mr. Ulrich 
; : rich has written several articles on filtration and is 

Meanwhile rotary vacuum drum filter 
: executive vice-president and general manager of Process 


applications have continued at a rapid Filters, inc., also of Buffalo. 
pace and have provided practically con- 


tinuous operation. However, sluicing 
filters are still desirable in those fields 
where cake will not discharge freely 
from the medium in the usual manner 
of porous cakes on a semidry basis. Such 
cakes are generally referred to as non- 
homogeneous sludges of low porosity. 


pany’s Crosswell factory in 1946 on 
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These are most difficult to discharge be- 
cause of their cohesion, tenacity, and 
slimy or gelatinous nature. Pressure fil 
tration is useful in the separation of 
these cakes and, when properly engi 
neered, produces a good sluicing appli 
cation 

Most engineers dealing with chemical 
favor automatic or contmu 
Sluicing fil 
ters have already made progress in this 


processes 
ously operated equipment 
direction, Unlike the continuous opera 
tion of rotary vacuum filters, automati 
operation of sluicing filters is imtermit 
tent. It retains all the normal functions 
but is controlled by time-cvcle 
mentation (4), 


instru 
Isolated modified exam 
ples of this operation are in Corn Prod 
ucts Refining Corpus Christi, 

and Pekin, UL, plants, using 
Sweetlands and Niagaras respectively to 


Tex 
produce glucose by automatic controls, 


Characteristics 


In many respects, the sluicing filter 
is an ideal filter, but the basic require- 
ments of application must be carefully 
considered, These 


characteristics em 


erge: 


No manual cake handling. 
Clean filter-station housekeeping. 

Reduced filtration cost per pound of product. 
Elimination of labor “bull-work.” 

Moderate maintenance. 

Elimination of frequent cloth washing and/or 
replacement. 

Totally enclosed operation for hazardous prod- 
ucts. 

Potential automatic operation. 


Diatomaceous-earth filter aids or other 
products of similar purpose are most 
important in the application of sluicing 
filters for the precoat protection they 
give to the medium; they hinder blind 
ing of the medium and promote sluicing 
discharge. These filter-aid precoats on 
wire-cloth media are most satisfactory 
and successfully eliminate fabric cloths 
at appreciable savings. When added to 
the prefilt liquors of difficult filtering 
solids, filter aids permit a control of the 
porosity which may be exercised within 
limits. Such cakes are found in the 
sugar industry. The food industry also 
provides similar cakes in weak pectin 
liquors, gelatins, beer and beer worts, 
fruit-juice pulps, recovery of 
candy, and the like. Filtering of anti- 
biotic broths is considered a standard 
application for sluicing filters in the fer- 
mentation industry. A variety of cakes 
that respond to pressure filtration and 
slyicing is found in the chemical field. 
Also, hazards to operators and plant 
property may be eliminated by the to- 
tally enclosed operation of  sluicing 
filters, and consequently they may be 
more broadly applied. 


scrap 


\\ 


Courtesy of Goalin-Birmingham Mig. Coa. 


Fig. 1. Vallez filter with cover raised. Sluice header is shown as pipe extension to right of upper body. 


Fig. 2. Typical Niagara Avto-Sluice installation. 


Chemical Engineering Progress 


¥ | / j ie 4 
“se. 
| 
: 
Page 56? October, 1953 


Application Problems 


To achieve the greatest advantages of 
the sluicing filter, the following condi- 
tions must be met or satistactorily com 


promised by the filtration engineer. 


Filter media must have long life or be replace- 
able at reasonable cost. 

Permeability of media must remain nearly con- 
stant or be restored with reasonable chemical 
cost and time expended. 

Cake solids must disperse within limits in the 
sluice liquor and separate freely from the med- 
ium and/or precoat. 

Cake discharge must be effected with a minimum 
of sluice liquor; this reduces subseyuent evapora- 
tion, dilution in process, or recycle volume for 
obvious reasons 

Media must be precoated in most cases with a 
suitable inexpensive material to maintain per- 
meability and to separate cakes freely. 
Discharged cake slurries must be effectively re- 
turned to the process, sewered as waste, or col- 
lected and processed at higher concentrations 
on a conventional filter for semidry discharge. In 
the filter An 


refineries 


this sense acts as a thickener. 
example is cited in mainland sugar 
where sluiced cakes are “sweetened-off or 
washed on presses 

Sluice nozzle must be carefully engineered for 


the sluice liquor if other than woter is used 


a rule, are 
They follow other primary 
solids the 
stages of processing 
the Ontario 
vanillin plant, where filters are employed 
to separate lignin solids. Cake 
produced by 


Sluicing filters, as 
filters, 
separations ot 


clarify 
Ing 
used in 

Paper 


such example 
is in Company's 
slurries 
returned to 
the 


sluicing are 


centrifugals, where primary 


separation ated. 


Engineering Refinements 


these fundamentals into 
a filter station requires all the art of the 
His efforts should be 


| enyineer 


filtration engimeer. 
chrected to: 


Selecting o suitable medium of proper mesh or 
weave as related to the known type and volume 
per cent of solids and corrosion of prefilt liquors. 
Actually testing conditions of sluicing if en- 
tirely unknown to obtain proper capacity of sluice 
nozzle when correlated to the full-scale effect of 
discharge 

Pilot testing average prefilt liquors to estimate 
optimum production rates as related to such 
critical factors as minimum cake thickness to 
effect discharge, fewest precoot materials per 
pound of product, and minimum size of equip- 
ment required for variations of filterability as 


examined or predicted from experience. 


Development in the past 25 years of 
reasonably priced durable wire cloths in 
various meshes and many corrosion-re 
sistant materials offers a wide selection 
in the search for the proper media. Syn- 
thetic widen 
their application in the filtration field, 


cloths are continuing to 
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but problems exist in adapting them to 
sluicing filters. Many of the disadvan 
tages of early filters stemmed from cloth 
media, which presented irregular su 
faces to the sprays and involved rapid 
loss of permeability, requiring frequent 
replacement at high materiai and labor 
shrinkage, 
poor resistance to attack of many chem 
Wire-cloth media lead in this ap 
plication and offer the best possibilities 


in the search for the 


cost, as well as wear, and 


icals. 


ideal medium. 

Originally, sluicing filters were rather 
(24-, 30 ind tank 
and could be sluiced 
manually directed streams. A 
the vertical pressure leaf tilter grew, the 
bolted hand-wheel closure 
the tank 
means 


small 36-1n diam 


eters ) easily by 


sizes 


ind height of 
iutomatic sluicing 
cake The filters 
otter quick-opening 


various 


suggested 
to discharge 
therefore now 
cover, Descriptions ot 


filter designs follow 


Niagora has a vertical tank with a dished 
bottom and cover which opens fully from a 
simple gasket ring. Leaves ore vertically mounted 
on a filtrate header pipe extending across the 
tank shell near the bottom. A bottom discharge 
nozzle is installed with leaves provided with 
Solids 


entering the leaf interior during cake discharge 


woven-wire cloth for precoat operation. 


may thus be quickly drained away without being 
trapped. Leaf and manifold are joined with the 


familiar O-ring gasket seal. This is a well-known 
basic filter design. 

In the 
header is in the cover for model sizes up to and 
including 500 sq.ft The header is 
motivated by pneumatic motors 


Auto-Sluice design (5), the sluicing 
(see Fig. 3) 
two external 
linked to the pipe where it extends through 
chevron-packed glands and boxes on each side 
of the tank cover. One motor reciprocates the 
pipe, moving the two flat-nozzle sprays a dis 
tance of about 2 in. with the leof centerline at 
The other 


oscillates the pipe through a minimum angle to 


the center of the movement. motor 


reach all cake in the leaf plane. This allows 


sluice liquor to contact all cake below when 


thickness is at least '2 in. Design of this mechan 
ism is very similar to that of the original Sweet 
land manval sluicing device (1) Recently 
Sweetland has offered gear-motor eperation of 
the sluice mechanism. 

Stationary cover-mounted headers are also 
offered by Niagara which provide three nozzles 
between leaf spacing with overlapping sprays to 
An En- 


sluice header is 


obtain coverage of the exposed cake 


zinger Union stationary illus 


trated in Figure 4 
the 


In this sluicing operation, 


cake is drowned with large volumes of 
relatively undirected water; it has been success 
ful for certain types of cake and where water 
or recycle volumes are not limited. Almost all 
sluicing filters provide two Pyrex 5-in..diam. tank 
observers. These are located at two cake levels 
and between the largest leaves to permit inspec- 


tion of discharge progress 


Fig. 3. Cut-away view of Niagara sluicing filter 
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The largest Niagara sluice filter up to and in- 
cluding 1948 was 500 sq.ft. with a 48-in. tank. 
Maximum distance of spray travel in this design 
was 6 ft. to encounter the cake at the bottom 
of the leaf. Experience had shown that certain 
cakes did not respond to the low impact of the 
sluice liquor at such a distance. Consequently, 
to improve impact of present-size filters and even 
larger sized filters of 1,000 sq.ft. and 60-in. tank 
diameter, a major rearrangement of spray loca- 
tion was necessary. To combine the fabrication 
economy of the vertical tank design with a spray- 
nozzle location thot could be more effective 
against stubborn cakes, later models have re- 
verted to the example set by Merrill (1). Grom- 
mets are placed at or near the center of each 
filter leaf, through which a sluice pipe header 
large enough to carry up to 300 gal./min. is 
extended. Tank nozzles on each side corry the 
chevron packing and bearings. Rotation is pro- 
vided by an external gear motor and suitable 
rotary joint. This locates the sprays more accu- 
rately at the cake and medium surface without 
obstruction, and operating distance is reduced to 
less than 4 ft. even for the largest sluicing filter. 
The sluicing distance is thus more comparable to 
that of other sluicing filters and retains the ad- 
vantage of good discharge of cake solids from 


the tank after separation from the leaves. 


Sluice-Liquor Volumes 


Minimum volumes of sluice liquor are 
realized where the working distance is 
the shortest, all other conditions being 
equal. Design difficulties such as ex 
pelling cake from the tank, obstructions 
such as leaf frames, fixtures, or con 
duits interfering with the effective ap 
plication of sprays, and bridging of 
freely separating cakes between leaves 
increase the amount of sluice water re- 
quired for a given cake. Most filters 
will discharge cakes effectively within 
the limits of 114 to 2% gal. of sluice 
liquor /sq.ft. of actual filter area. It is 
reasonable to suspect that where obser- 
vation of sluicing progress is not pos- 
sible, sluicing end points are unknown. 
Clean liquor issuing from the tank is no 
indication of clean discharge. Top- 
mounted motivated sprays of the Nia- 
gara Auto-Sluice will expend 3 to 4 
gal./sq.ft. under the same conditions, 
Top-located stationary sprays will re- 
quire 6 to 9 gal. /unit area for the same 
conditions. Time-consuming hand sluic 
ing will use 1 to 1% gal. and is most 
effective since water may be accurately 
directed with least waste. 


Spray-Nozzle Influence on Coke Discharge 


Recent advancements in spray-nozzle 
engineering have provided designs espe- 
cially suited to sluicing filters. This is 
in sharp contrast to early sluicing filters, 
which employed sprays produced by 
holes or slots in the header pipe or 
crudely formed sprays resulting from 
flattened pipe nipples threaded into the 
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header (1). Nozzles are now available 
in a variety of materials, and the influ 
ence of liquor temperature, gravity, and 
viscosity on the spray pattern is better 
understood. 

To unused spray 
water, well-engineered sprays must be 
directed at the surface covering the en- 
tire area of the leaf within the spray 
angle. Sprays must be able to get at 
the surface of the medium quickly by 
erosion of the outer cake layer, which 
will start peeling as the spray advances. 
This is followed by erosion of the cake 


minimize loss of 


and continued peeling as the operation 
progresses. Since leaf spacing in most 
sluicing filters is approximately 2 and 3 
in. and spray distances are 30 to 46 in., 
location of the nozzle and spray pattern 
are most 
tions. 


important design considera- 
For the variety 


by sluicing filters, 


of cakes encountered 
a single style of noz 
zle cannot be expected to produce opu 
mum conditions of cake discharge for 
all sluice liquors. In the Niagara central 
design most applications may be handled 
effectively by flat sprays within an in 
cluded angle of 10 to 25° maximum. 
(jreater angles will require greater vol 
ume to provide the needed impact at the 


Wide fan 
sprays at low volume have difficulty in 
equally distributing the water at ele- 
vated temperature, and droplet-particle 
size is sharply reduced, as is impact 
Also, too much deflection of the sprays 
from leat surface to 
gummy-slimy cakes will tend to cause 


maximum working distance. 


one another on 
solids to adhere to the exposed medium. 
and eventual blinding may result. Con 
sequently, one spray per surface is more 
quickly the 
outer layers of the cake and rapidly peel- 


effective in breaking up 


ing to completion of discharge. Selec 
tion of the proper nozzle for a given 
sluice condition will be necessary to pro- 
The follow- 
ing variables are helpful in selecting the 
proper 


duce the required impact. 


nozzle: 


Volume, or capacity, in gallons per minute varies 
directly as the square root of the head, in feet, 
at the header and should increase as the square 
of the working distance to produce minimum 
gollonage with adequate impact (6). 

For sluice liquor other than water, capacity of 
the nozzle will vary inversely as the square root 
of the liquor gravity and as the viscosity (7). 
Dispersion or erosion effect on cakes in most in- 
stances improves as the temperature of the sluice 
since surface tension de- 


liquor is increased, 


Fig. 4. Stationary sluicing header and nozzle arrangement of an Angola filter. 
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creases with rise in temperature. Correction to 
nozzle characteristics at elevated temperature is 
necessary as capacity decreases and spray angle 
increases (7). 

Spray angles less than 25° have the least loss 
of impact os working distances are increased. 
the initial solid sheet of liquid issuing from the 
nozzle functions over a greater distance before 
breaking up into droplets. This provides the de- 
sired initial erosion and peeling of the coke. 
With flat-spray nozzles of small capacity, 1 to 
5 gal./min., droplet-particle size of water 
sprays approaches maximum at about 40 Ib./ 
sq.in., to produce good impact. Air resistance is 
less influential on the larger particles produced 
by lower initiol velocities and relatively short 
working distances. 

Favorable conditions of discharge of a certain 
stubborn cake are a function of nozzle capacity 
in gallons per minute to achieve minimum time 
and minimum sluice liquid. 

High pressure at the nozzle with elevated tem- 
perature and/or low surface tension may cause 
atomization within the desired working distance. 
Loss of impact beyond the point of atomization 
causes incomplete leaf discharge and subsequent 


leaf blinding. 


Helpful Techniques 
\ variety of methods if 
the 
will the sluicing d 
cakes. Any one or 


ing suggestiot 


they can be 


used in operation of filter station 


assist scharge of 
more of the follow- 
scan be of importance in 
combating variables of cake resistance 


to sluicing discharge: 


Additions of relatively short-fiber asbestos or 
paper to diatomaceous-earth precoats in a ratio 
of one part of fiber to ten parts of filter aid 
will improve cake discharge when solids are de- 
posited on such sheetlike surfaces. Retention of 
the precoct will be further improved as will 
maintenance of the medium. Extra cost may be 
fully justified 

Cakes compacted by high filtering pressure may 
become extremely difficult to discharge consis- 
tently by sluicing. By limiting the pressure of 
cake building, such cokes may be effectively and 
economically handled. An adjustment in rates 
for this optimum pressure to produce the desired 
volume of filtrate will be necessary to obtain 
good cake discharge (8). 

Hot sluice liquors can almost always be expected 
to produce sluicing economy when nozzle design 
is corrected to eliminate atomization within 
working distances. 

Washed filter cakes originally containing high 
concentrations of prefilt liquors are always more 
easily eroded and discharged by sluicing. 
Reduced sluice volumes can be obtained by par- 
tially discharging washed cakes with a tank full 
of wash water. Air agitation from a suitable dis- 
tributor will partially reslurry cake solids as the 
filter is emptied. Sluicing sprays can then clean 
up the remaining cake with a minimum amount 
of water. 

Reverse steam blowing through the leaves during 
sluicing with low-pressure steam 5 to 10 Ib./sq.in. 
also may reduce sluicing volumes and maintain 


wire-cloth media. 
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As mechanical sluicing filters become 
more efficient in cakes, 
higher capacities or rates of operation 
will be possible, as thin cakes need not 
be avoided. 


discharging 


Rotary vacuum primary separators in 
waste-disposal operations will function 
with less maintenance where clarity con- 
trol is not limited and cloudy filtrates 
can be handled by sluicing filters and 
recycling slurries. Paper mills, plagued 
with white-water disposal, will find one 
answer in sluicing filters to produce 
clean filtrates for plant reuse and fiber 
recovery.  Ojlil-seed 
plants are seeking a totally enclosed fil 
tration for miscella which will not re- 
quire the filter. The sluicing 
filter when properly engineered can offer 
this industry smaller equipment and re 


solvent-extraction 


opening 


cycle of meal solids to the extractor to 
have ex 
a need for filtration of the so 
“clear” “cloudy” effluents 
filters With the 


proper resolution of the requirements, it 


meet these exacting requirements 


shore cane-sugar factories 


pressed 


called 
from 


and 
rotarv cachaza 
Is possible to handle this work by means 
of sluicing filters directing cake slurries 
back to the drum filters. Re 
now in progress to find a 
uid, similar to the 


search 1s 
uitable filter 
well-known bagicillio 
now used in conditioning cachaza from 
the claritier, for separation on the drum 
filters. 


are expected to be 


The advantages of this filtration 
increased clarifier 
flows and improved raw-sugat 
he se are 
existing installations of outmoded filters 
offer the field for 
filters. 

The newest 
come to the assi 
and to broader 
is Instrumentation 


puritie 


to name a tew new treld ; vet 


vreatest sluicing 
proved development to 
tance ot 
the 


sluicing filters 


ipplication 
Already i 
stallations of sluicing pre 
ters controlled 


orizon 
lew 
leaf fil 
give pr 

mise of continued cost reduction without 


ure 
automatically 


excessive capital outlay and with com 
plete reliability. Automatic operation of 
cake flexible, and 
consistent results with this aid will in 
leaf 


washing is entirely 


crease advantage s ot the 
filter. 


pressure 
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Discussion 

Charles P. Roberts (\Westvaco Chemical 
South Charleston, W. Va.) 
What has been your experience of the re 


Division, 


lationship in a given system between cake 
I'm think 
ing of a precoated system, of course. In 


thickness and ease of washing ? 


some operations one can build up only a 
thin cake, but in a more favorable one he 
thicker Does that 
have a profound effect upon case of shui 
ing? 


E. A. Ulrich that thin cakes are 
more difficult to discharge than thick cakes, 
but 


tenacity or a cohesion one 


can build it generally 


It is true 


in most cases thick cake solids have a 
for another, and 
they have a pulling power. If you are not 
able to the the 


accurately with water sprays, the filter cake 


sluice surface of medium 
will pull away the material from the sur 
Thin cakes 
accurately directed sprays in order that the 


is the most important feature in cake opera 


face will have to have very 


peeling effect will clean the medium 


tion, because one must be able to clean that 
medium and maintain it at reasonably per 
meable condition 

Presented at Forty fifth annual meeting, Cleve 
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Graphical Interpretation in Ternary 
Distillation 
Kwo-Tseng Lee and Karl Kammermeyer 


State University of lowa 


A vraph cal method of correlati w othe 
liquid 


ternary 


equilibrium and vapor composi 


ible 


tems, has 


trons tor the apply 
ideal and no 
leveloped. For 


tions repre 


to bot! 


been ¢ tems, equa 


enting the ternary equilibrium 
derived which tacit 


urves have been 


tate the truction of the aunxiliar 

diagrams any 

out th 


the we nown 


two ¢ nents to 
pro 


correlation ane 


mip 
carry gested gray 


cedure hu il 


concept of addition and 


differer points simplify the solution of 


ternary-distillation problems 
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TITANIUM REFERENCE SHEET 


W. W. HARPLE, and G. KIEFER 
Allegheny Ludlum Steel Corp. 


Brackenridge, Pa. 


APPLICATION AND REMARKS: Appli- 
cations where titanium is now being 
used as a construction material are 
limited because of the high cost of 
the metal. Even with this high initial 
cost, it has been used in instances 
where it was shown to outperform 
other materials to such an extent 
that savings were realized. Titanium 
is well known for its immunity to 
corrosive marine environments, _ its 
resistance to nitric acid, ferric chlo- 
ride and other chloride salts and 
wet chlorine. 
Encouraging 
results have 
been ob- 
tained in 
greatly im- 
proving the 
corrosion re- 
sistance of 
titanium in 
HCI and 
H.SO, by the 
addition of 


Carbon 
lron 
Nitrogen 


Tensile strength 
0.2 yield strength 
Elongation 2 in. .. 
Hardness 

Bend angle 


Nominal Composition (Titanium Metals Corp., Grade Ti 


Sizes and Shapes 


oxiding agents or inorganic sulfates. 
The resistance of titanium to many 
common pitting agents is outstanding. 
Ferric chloride, cupric chloride and 
sodium hypochlorite do not cause 
pitting of titanium. The addition of 
carbonaceous material does not ac- 
celerate pitting. Titanium also ap- 
pears to have the same resistance 
to crevice corrosion as to pitting. 
Titanium has been shown to be im- 
mune to stress corrosion cracking in 


ALLOY—TITANIUM METAL 


Mechanical Properties: 


80,000 to 
70,000 to 
20.30% 

200.240 B. 


140 


strip, plate, and wire can be furnished 


75A): 
0.05% 


6.12% 
0.08"; 


Most commercial sizes of bar, forgings, sheet, 


T. K. REDDEN 


Titanium Metals Corporation of America 


Henderson, Nev. 


most media with the exception of 
red fuming nitric acid. 


HEAT TREATMENT: Titanium metal is 
furnished to customers in the an- 
nealed conditions, unless some other 
condition is requested. Annealing 
after cold-forming may be accom- 
plished by heating at 1300 F. for 
one hour per inch of thickness. 


WELDABILITY: Titanium metal may be 
resistance welded or fusion welded 
by the inert gas arc method. With 

fusion weld- 
ing the most 
important fac- 
tor is proper 
shielding to 
prevent con- 
tamination of 
the weld by 
oxygen and 
nitrogen 
which can 
cause em- 
brittlement. 


maximum 
maximum 
maximum 


110.000 Ib 
95.000 Ib 


sq 
sq.in 


In. 


H.N 


Diam. 3 x T 


CORROSION RESISTANCE 


ACIDS 


Acetic, Glacial, Boiling 
Aqua Regia, (3:1), 70 
Chromic, 20%, 70° 
Citric, saturated solution, 
Formic, 87%, boiling 
Formic, boiling 
Hydrochloric, less than 
Hydrochloric, 4° -10°%, 
Hydrochloric, 
Hydrochloric, less than 1%, 
Hydrochloric, 2.4%. 150 
Hydrochloric, 

livdrochloric, 

Hydrochloric, 

Hydrochloric, 

Hydrochloric, 

Hydrochloric, 

Hydrochloric, 

Hydrochloric, 

Hydro« hloric, 

Hydrochloric, 

livdrochlone, 

Hydroflnoric, 

Lactic, 87°, boiling 

Nitric, boiling 

Nitric, white fuming, 70° 
Nitric, red fuming, 70°". 
Oxalic, saturated solution, 70°.. 
Phosphoric, 10%, 100° 
Phosphoric, boiling 
Phosphoric, 85%, 100° 


70 


“100 


RATINGS: 


C——0.0452 


marimum in. penefration/yr 
0.042 in. penetration/ur 
0.120 in, penetration/yr 


Sulfuric, 
Sulfuric, 


4.30%, 100 
Sulfuric, 50%, 100° - D 
Sulfuric, above 50%, wee 
Sulfuric, 150° B 
Sulfuric, 1-5°), 150° 

Sulfuric, 20°, 150° D 
Sulfuric, above 20%, ‘ E 
Sulfuric, below 1%, Cc 
Sulfuric, 2-5%, 175° 
Sulfuric, above 20%, : 
Sulfuric, ',-5%, 200 

Sulfurous, 6°, 70° 


D 
A 


ALKALIES AND ALKALINE SALTS 


286%, 70°.. 
carbonate, boiling 
hydroxide, sat'd. soln. 70° 


Ammonium hydroxide, 
Sodium 
Sodium 


SALTS 


chlorate, sat'd. soln 
nitrate, sat'd. soln 
phosphate, sat'd 
bisulfate, sat'd 
sulfide, sat'd 
sulfite, sat'd. soln 

evanide, sat'd. soln. 

cichromate, sat’d. soln. 


70° F. 


Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 


soln 
soln 
soln 


PPP 


All salt solutions at 


D—0.120 0.520 in. penetration 
E--0.520 minimum in. penetration/yr. 
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lodine- Alcohol, 
Phenol. sat'd. 
Alcohol, 70° 
Benzene, 70° 
X-ray developer soln. 70° 

Sea water 70 
Salt spray, 
Ferric chloride 


soln 
soln 


90 
10%, 70°5 
All temperatures Fahrenheit 


'The addition of small amounts of an oxidiz 
ing agent such as chromic acid or copper sulfate 
will greatly increase 
hydrochloric acid 


Red 


corrosion 


usefulness of titanium in 
fuming nitrie acid produces stress 
eracking of titanium Prolonged ex- 
posure also produces increasing corrosion rates 
'The addition of small 
ing agent Various 
greatly the 
sulfuric 


*This solution produces 
matter of a few hours 


amounts of an oxidiz- 
inorganic sulfates will 


usefulness of titar In 


or 
increase 


um 


violent pitting in a 


®Sea water, salt spray and ferric chloride do 
not produce pitting on titanium in contrast to 
the rapid pitting effect on many metals, 
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Meet Me in St. Louis 


Article prepared by Richard G. Kerlin, Mallinckrodt Chemical Works, St. Louis, Mo 


than 
2.000 is expected for the Forty- 
Sixth Annual Meeting of the A.L-Ch.E 
to be held in St. Louis, Mo., Dec. 13-16, 
1953, with headquarters at the Hotel 
Jetferson. Charles W. Swartout, Mal- 
linckrodt W orks, general 
chairman of the meeting, expects it to 
the 1937 
and 1944 annual meetings in St. Louis: 
these and the 1947 meeting here drew 
from a area. 


record attendance of more 


Chemical 


be even more popular than 


wide 

A comprehensive program is being 
planned with attractive 
members, ladies, 


features for 
friends, and students 
Conspicuous among the activities are 
nine technical symposia, a seminar, the 
Fifth Institute Lecture, presentation of 
the Professional Progress Award, eigh- 
teen plant trips—all synergized with a 
well-rounded entertainment program 


Registration and Information 


recom- 
for this meeting because at- 
tendance is limited for events. 
Richard J. Kozacka, Monsanto Chem- 
ical Co., chairman of the Registration 


Preregistration is 
mended 


strongly 


some 
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that “a 
will 


Committee, has announced 
streamlined registration procedure 
assure preferential and speedy process 
\ card tor this 


purpose will be enclosed in the program 


ing tor preregistrants 


announcement sent to each member. Ke 
gistration will be on the 
of the Hotel Jefferson and the hours will 
also be specified on the program. 

An 
nearby Mezzanine 
the Here 
flip through the directory of registrants 
inquire about details of 
plant trips, pick up tips on local at 
tractions, 


Mezzanme 


information center will 
the 


meeting. 


function 
on throughout 
participants may 


program and 
exchange messages and check 
on “lost and found.” Other communica 
tion points will be General Headquatr 
ters (East Room), the Press Room for 
tele 


newspaper, magazine, radio and 


publicity (East 
Headquarters (Room 3) 


vision Room ) 


Ladies’ 


Housing 

Single rooms are always at a 
mium. Robert E. Lenz, 
Housing Committee chairman, 
fore requests that members double up it 


pre 
Monsanto, 
there 
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Left to right: A. J. Pastene, Monsanto Chemical 
Co., vice choirman; T. J. Stewart, C. K. Williams 
& Co., vice chairman; J. J. Healy, Jr., 
Chemical Co., cochairman, Program Committee 


Monsanto 


left to right: Richard M. Lawrence, Monsanto 

Chemical Co., cochairman, Program Committee; 

Charles W. Swartout, Mallinckrodt Chemical 
Works, general chairman. 
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possible. 


lo do this, one hotel reserva 
tion card should be sent in with both 
names on it. As only part of the 
available rooms will be at the Jeffer 
son, reservation should be 
in at the earliest possible date. Con 
firmations will be sent within 24 hours 
by the hotel assigned, 


cards sent 


lHlowever, any 
cancellations or changes should be sent 
to the Hotels Convention 
sureau, Room 406, 911 
St. Louis, Mo. 


Reservation 
Locust Street, 
The Bureau saves can- 
cellations for A.L.Ch.E. registrants, 
the hotel individually do not. 
Although the Hotel Jefferson will be 
most in demand, the others are within 
a few blocks. 
found in the 


but 


Price schedules can be 
program. 


Seminar on A.1.Ch.E. Questionnaire 


Frank R., Sinclair Research 
Laboratories, will moderate a general 
discussion to develop results of the 
A.LCh.E. Questionnaire on Institute 
policies and professional status of mem 
bers. Some results were reported in 
for April, July, and Septem 
ber, 1953. The seminar will be held 
in the Gold Room of the Hotel Jeffer- 
son, from 2:00 to 5:00 p.m., Sunday, 


Dec. 13. 


Fisher, 


Getting on Stream 


The proceedings of the lorty-Sixth 
Annual Meeting will get underway 
Monday morning in the Gold Room 
when A.L.Ch.E. President T. 
Nichols introduces Mayor Raymond R. 
Tucker, the engineer famed for killing 
smog in St. Louis, who will extend the 
official greetings of the City of St. 
Louis. The annual business meeting 
will then be held, preceding the Fifth 
Institute Lecture. 


Fifth Institute Lecture 


George Granger Brown, dean of the 
College of Engineering at the Univer 
sity of Michigan, will deliver the Fifth 
Institute Lecture in the Gold Room at 
11:00 a.m., Monday, Dec. 14. He will 
talk on some aspects of thermodynamics 
as applied to chemical engineering. 
Dr. Brown, also a director of Nash- 
Kelvinator Corp., is now Treasurer of 
A.L.Ch.E. He served as President of 
the Institute in 1944 and won the 
William H. Walker Award in 1939. 

Institute Lectures are the oral coun- 
terparts of review articles—authori- 
tative, informative and up to date 
They are published later, usually in 
expanded form, in the Chemical En- 
gineering Progress Monograph series. 


Awards Banquet . 


The Awards Banquet, highlight of 
the program, will be held Tuesday 
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evening in the Gold Room. A princi- 
pal feature will preseniation of 
medals and prizes to the winners of 
the Institute's various which 
are described below. There will be no 
long speeches. 
formally 


be 
awards, 


Institute officers are to 
relieved of their offices 
and newly elected officers and directors 
will introduced installed. 

There will be cocktails before dinnet 


be 


be and 
and dancing afterward in the Ivory and 


Crystal rooms. Dress is to be optional 


. And The Awards 


PROFESSIONAL PROGRESS IN CHEMICAL 
ENGINEERING AWARD 


The presentation at this year’s ban- 
quet will be the sixth recognition of 
an outstanding chemical engineering 
contribution leading to the betterment 
of human relations and circumstances. 
Sponsored by the Celanese Corporation 
of America and administered by the 
Institute, the certificate of the award 


1S accompanied by $1,000. 


Preprints 


Preprints of the papers in the 
Heat Transfer, and Distillation Sym- 
posia will be available at twenty- 
five cents each. Members will re- 
ceive order blanks with the pro- 
gram of the meeting. They will be 
mailed from the Secretary's office 
in time to give gi s pl 
opportunity to study the articles 
before presentation. 


WILLIAM H. WALKER AWARD 


Given in memory of the late Prof. 
William H. Walker of the Massachu 
setts Institute of Technology, who pio 
neered in the development of modern 


chemical engineering principles, this 
award consists of a certificate and 
plaque. The 1953 award will be the 


eighteenth for Institute-published pa 
pers of outstanding quality, clarity of 
expression and practical utility. Prof 
J. Henry Rushton, Ilinois Institute of 
Technology, was thus honored last veat 
for his many papers. 


JUNIOR MEMBER AWARD 


Limited to Junior members of 
A.L.Ch.E., this award parallels the 
William H. Walker Award. 


A. McLAREN WHITE AWARD FOR A.I.Ch.E. 
STUDENT CONTEST PROBLEM 


The Committee on Student Chapters 
has for twenty-two years directed 
competition for prize-winning solutions 


Chemical Engineering Progress 


to the annual student problem. Prizes 
the A. McLaren White Award ot 
$200 for first place, $100 for second, 
$50 for third and certificates of honor- 
able mention for a few others. At last 
Awards Banquet, first, second, 
and third prizes, respectively, went to 
Harold F. Hublein of the Du Pont Co., 
Rodney A. Nelson of the University of 
Minnesota, David G 
Ohio State University, for engineering 


ot 


are 


year’s 


and Stephan of 


design an atomic power plant 


Techrical Program 


The technical 
prehensive that 
trom among three symposia to be held 
simultaneously half-day from 
Monday afternoon through Wednesday 
in the Gold, 
Ivory Rooms. Program arrangements 
are the work of Richard M. Lawrenc« 
and John J. Healy, Jr., both Mon- 


santo, successive chairmen of the tech 


program is so com- 


members may choose 


each 
afternoon, 


Crystal, and 


of 


nical program 
fields of 


as distillation, drying, and heat transfer 


Topics range from such 
] £ 


} 


broad chemical e! 


vinecring 
through aspects like productivity, dust 
and mist collection, and waste disposal 
of 


oal 


carboni 
and the 
chemical engineering use of electronic 
computing machines. 
particular interest will be titled 
“Yardsticks of Productivity and the 
Use of Productivity Concept in Indus- 
trv” Clag head of the 
and another, 
“Opportunities for Chemical Engineers 
in the Steel Industry” by 
Reed, U. S. Steel Corp 


to the specialized subjects 
zation ol oil shale and 
\mong papers of 


one 


by ue 


Breau of Labor Statistics 


homas 


Student Program 


This year’s student program, under 
the chairmanship of Willard P. Arm- 
strong of Washington 
expected to attract a 
chemical engineering students from 
several states in the St. Louis region. 
The program will continue for two 
days, Monday and Tuesday, in Room 1. 
Designed for good balance, it alternates 
between morning sessions of student 
papers and afternoon panel discussions 
by engineers from 


University, is 
sizable number of 


several industries 


and education. The panel discussions 
are entitled “What Career Will You 
Choose?” and “The Transition from 


the Scholastic World to the Industrial 
World.” Additional features are a stu- 
dent party Monday evening and a 
luncheon Tuesday at Carl's Rio Room, 
at which “Professional Development” 
will be discussed. A prize of a 
U. S. Savings Bond will be awarded 
for the best student paper presented. 


$25 


(Symposia subjects and list of plant 
tours on page 44) 
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GUIDES TO GASHOLDER PLANNING 


“Sore thumb’ gas works hurt community relations . . . 


How about a good-looking gasholder?” 


Residents of an eastern city were aroused when word spread that 
a sewage digester gasholder was being planned in their neighbor- 
hood. They visualized a “sore thumb” superstructure with rig- 
ging looming high overhead, thought of property values skidding 
because they'd have an ugly, old-fashioned gas works as a new 
neighbor. Their protests posed a serious problem in community 
relations for the company. 


The installation of a handsome, compact Wiggins Gasholder 
solved the problem to everybody's satisfaction. The only truly 
modern gasholder, the Wiggins gasholder is not only safe, effi- 
it's also good. 


looking. Dry fabric seal and self-aligning piston eliminate unsightly 


cient and economical but—due to its simplicity 


exterior mechanisms required for other types of gasholders. For 
complete facts, write General American. 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South LaSalle Street * Chicago 90, Illinois * Offices in Principal Cities 


<> 
\ 
— 
WIGGINS 
SEALS 
GENERAL 


San Francisco cable cars salute the visiting chemical engineers. 


By the Golden Gate 


day evening Get-Together 
in the Gold Room of the 
Fairmont Hotel. 


Rain fell in the Tonga 
Room, during the Mexican 
luncheon. 


left to 
Phillips 


right: Russell C. 
ond Nevin K. 
Hiester, both of Stanford 
Research Inst.; John A. 
Whitcombe, University of 
Michigan; J. T. Banchero, 
University of Michigan; 
Raymond K. Cohen, Stan- 
ford Research Inst.; Robert 
M. Wheaton, Dow Chem- 
ical Co.; J. Ben Rosen, 
Princeton University, and 
Theodore K. Vermeulen, 
who presided over the sym- 
posium on ion exchange. 
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an Francisco's famed cable cars blaz- 
S oned forth with signs last month in a 
welcome to chemical engineers and the 
chemical industry in general. With its 
famed western hospitality San Francisco 
was putting on a show for the 792 re- 
presentatives who registered during the 
week of Sept. 13 at the Fairmont Hotel 
for an A.I.Ch.E. national meeting. 

The local committee planned very few 
formal evenings for the A.I.Ch.E., but 
because of the nature of the city no one 
missed them. Between being amazed at 
the view trom the top of the Mark or 
from Telegraph Hill and puffing up 
and down the perpendicular 
of San Francisco, the chemical 
neers had little time to worry about for- 
mal luncheon speakers, or 
planned programs. 

Earnest groups in halls and lounges 
might as easily have been discussing the 
relative merits of abalone steak vs. suki- 
yaki, as they might have been the 
H.T.U.’s of new packings, or the effi- 
ciency curve of a new pump. 

But the cable cars were not the only 
sign that San Francisco knew chemical 
engineers were meeting. Department 
stores of San Francisco prepared special 
windows relating to chemically produced 
merchandise; synthetic deter- 
gents, glass fishing rods, and other dis- 
plays made their appearance. Television 
shows, radio programs, newspaper col- 
umnists and service clubs all blossomed 
out with special efforts aimed at the 
chemical engineer. The only formal 
program was a Mexican luncheon at the 
Fairmont, featuring a representative of 
the Chamber of Commerce who showed 
the chemical industry was one of the 
earliest endeavors in the Bay area. This 
prompted President Nichols to remark, 
as he thanked the local committees for 
their words and hospitality, “that in the 
San Francisco area chemical engineer- 
ing was next to the oldest profession.” 

The committee weighing the tech- 
niques of giving papers was headed by 
David I. Saletan, and the award win- 
ner David W. Schroeder, who 
was judged to have presented his paper 
“The Heats of Vaporization of a Binary 
Mixture” in the best manner. 


streets 


engi- 


dinners, 


fibers, 


Was 


Technical Discussion 

A peacetime application of atomic en- 
ergy to a.chemical engineering process 
was among the many operations consid- 
ered. Melbourne L. Jackson of the Uni- 
versity of California described the use 
of radioactive tracers in measuring com- 
plex liquid flow. Minute amounts of 
tracer were introduced into the liquid 
stream, and the resulting radiation was 
detected by means of a Geiger counter. 
The radiation intensities were then used 

(Continued on page 22) 
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netic drive actuates a standard 


hydraulic impeller through a short 


through rotor chamber of motor. 
‘Stator is isolated from fluid by o 
corrosion resistant, non-magnetic altoy 
cylinder inserted in air gap. Rotor 


*Chempump is the result 

of experience gained 
from over 15,000 field 
installations on seal- 
less pumps. 
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NEW 


and proved’ concept in pump design 


For the first time, here is a pump that will eliminate virtually all of your 
pump maintenance problems. There is no packing to tighten or adjust... 
no mechanical seals to fail... no lubrication needed. The combined rotor 
and impeller assembly, which is actuated by a radial magnetic drive, is the 
only moving part. 

Chempump prevents losses of valuable liquids .. . keeps explosive, toxic 
and highly volatile liquids sealed in. Corrosive liquids can’t start stuffing 
box trouble. Besides protecting your plant and personnel, Chempump pro- 
tects the fluid being pumped from external contamination . . . especially 
important in vacuum applications. 

Chempump is available in 14, *4, 1, 2, and 3 horsepower sizes . . . open or 
enclosed impellers. Standard materials are cast iron, 300-series stainless steel 
or Monel. Special materials on request. 

For complete information and performance data, clip the coupon below 
and send it in. 


CHEMPUMP ¥ CORPORATION « 1300 E. Mermaid Lane « Phila. 18, Pa. 


CHEMPUMP CORPORATION « 1300 E. Mermaid Lane « Phila. 18, Po. 


| 
Please send complete Chempump performance data. 
| Company | 
| Street City & State 
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£. B. Chiswell, left, Calif. 
Research Corp., presided 
at a general technical ses- 
sion. Speakers were Lloyd 
Berg, Montana State Col- 
lege.; Julius H. Bochinski, 
lowa State College; Frank 
Fowler, Midwest Research 
Inst.; and Clyde Berg, 
Union Oil of Calif. 


Left to right: A. S. Mich- 
aels, M.1.T.; Burton V. Cop- 
lan, Knolls Atomic Power 
Laboratory; J. P. Sachs, 
Illinois Inst. of Tech.; J. H. 
Rushton, Illinois Inst. of 
Tech.; Edgar L. Piret, Uni- 
versity of Minnesota. The 
session was on mixing. 


J. L. Franklin, H. G. Drick- 

amer, C. F. Curtiss and 

C. R. Wilke took part in a 

program on transport pro- 
perties. 


Left to right: Charles Nel- 
son, who presided over a 
general technical program; 
John R. Kyte, University of 
Minnesota; Morris Eisen- 
berg, University of Calli- 
fornia; Jack E. Coppage, 
Stanford University; Charles 
R. Wilke, University of 
California; and C. W. 
Tobias, University of Calli- 
fornio. 


Marvin W. Larson, The B. 

F. Goodrich Chemical Co.; 

lee Van Horn, The Fluor 
Corp. Ltd. 


George C. Gester, Jr., San 
Francisco meeting cochair- 
man, opens the first session. 


Left to right: T. E. Drisko, 
Jr., Dow Chemical Co., and 
Hotel & Meeting Room 
committeeman, H. 
Thomas, Ethyl Corp.; T. D. 
Skaggs, Ethyl Corp.; and 
Mrs. T. Drisko, Jr., 
ladies’ Program Comittee. 


J. H. Rushton, Illinois Inst. 

of Tech.; Robert C. Gun- 

ness, Standard Oil Co. (In- 

diana); R. S. Ray, Shell 

Chemical Corp.,; C. A. 

Stokes, Godfrey L. Cabot, 
Inc. 
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to calculate the characteristics of the 


flowing fluid. Disturbances ordinarily 
resulting from physical contact between 
the fluids and the measuring device were 
thereby eliminated. 

Continuing interest im ion exchange 
was reflected in the symposium presided 
over by N. R 


sity ot 


Amundson of the Univer 
Minnesota and Theodore Ver- 
meulen of the University of California. 

The separation of rare earths by ion 
H. Sped 
State 


continuous 


exchange was explained by F 
and J. E. Powell of 

who used 
The cost ot 


low, 


lowa 


ny 
College, a single 
chemicals 
Dr. 
the effluent solution was 


elution process. 


ind water was according to 
Powell, because 
restored to its original pH with am- 
monia and reeveled repeatedly 

The economic factors in ion exchange 
were discussed in several of the papers. 
Nevin K. Hiester, Raymond K. Cohen, 
and Russell C. Phillips of Stanford Re 
search Institute pomted out that a reduc 
tion in investment could be realized for 
some industrial operations, such as the 
removal ot minerals from 


water, by use of moving beds of ion 


large-scale 


exchange resin instead of cyclic opera- 
tion of fixed beds. W. C. Bauman of 
Chemical Co. also discussed the 
relative economics of batch and continu- 
ous operation. 


Dow 


One of the papers on economics, by 
E. B. Chiswell and J. J. Merrill of the 
California Research Corporation, con- 
cerned the capital costs for a petrochem 
ical project. The authors showed how 
tax altered circumstances 
new processes in the chemical field were 
considered. They claimed that the type 
of plant a manufacturer might put in 
for the production of ethylene oxide 
could be seriously influenced by the tax 
bracket. The two processes which the 
authors compared were the chlorohydrin 
and the direct oxidation of 
ethylene with air. Calculating a cost of 
six million dollars fur a plant to produce 
thirty million pounds of ethylene oxide 
a year by the direct oxidation method 
and of three million dollars for one of 
similar capacity using the chlorohydrin 
method, the authors stated that in a 
situation of no taxes the total cost of 
ethylene oxide by the direct oxidation 


rates when 


process 


route would be two cents a pound less 
than by the chlorohydrin route, consid- 
ering a four-year pay-out period. If the 
tax rate is increased to 50 per cent, the 
situation does not change; the direct- 
oxidation route is still cheaper but only 
by a slight amount. When the situation 
is altered so that the producer is re- 
quired to pay in the higher tax bracket 
page 24) 
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BUFLOVAK Steam Jacketed Kettle, 2750 gals. Speeds the pro- 
duction of u high quality grease for a nationally-known company. 


You can save time, cut costs, and make better prod- 
ucts, by using BUFLOVAK Kettles in your processing. 


Buflovak Kettles available in BUFLOVAK Kettles have proved to be a vital part in 


processing operations . . . and operations can be 
our Research Laberatories to test progressively performed in the same unit, thus speed- 
ing up production, lowering investment costs, and 
increasing profits. 

new processes >. hew products! sUROVAK Kettles perform a number of very 
basic operations: heating, cooling, mixing, extract- 
New and untried processes frequently present un- ing, reacting, distilling, evaporating, drying, and 
expected problems. The safest procedure is to process solvent recovery. Vacuum, atmospheric, or pressure 
© quantity of the product and observe the results. Such operations can be provided. 
facilities are available in the BUFLOVAK Research and Kettle sizes range from the one gallon laboratory 
Testing Laboratory. Results show positively whot is size to massive units. Illustrated above is a 2750-gal. 
needed for your processing. Kettles can then be de- notte. - : 
signed and built to most economically and profitably Positive ond thorough Goening of the heet- 
fulfill your expected requirements. ing surface is provided by eight Ciatines types of 
agitators with modifications to meet the individual 
need. 

Yes, you will profit, as are so many varied indus- 


om / / 48-PAGE tries today, by specifying BUFLOVAK Processing 
TE! COLOR BOOKLET Kettles. 


. So detailed it is literally a BLAW-KNOX COMPANY 


handbook on Heating . . . Cool- 


1567 FILLMORE AVE., BUFFALO 11, N.Y. 
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ASK THE 
About Prattical 


mn Heat Exchange 


There is a competent Acrofin 
heat-transfer engineer near you 


—qualified by intensive train- 
ing and long experience to find 
the right answer to your own 
particular heat-exchange prob- 
lem-and backed by the research 
and production facilities of the 
pioneers in light-weight ex- 
tended surface. 
Ask the Acrofin Man. 


Aerofin units do the job 
Better, Faster, Cheaper 


' 


OFIN CorrorarTion 


Aerofin is sold only by manufacturers of nationally 
advertised fan system apparatus. List on request. 


Chemical Engineering Progress 


GOLDEN GATE 


(Continued from page 22) 


of 80 per cent, the cost of the product is 
reversed and ethylene oxide from the 
chlorohydrin process is considerably 
cheaper than that from direct oxidation. 
When the same analysis was applied to 
plant size, the two authors found that 
building larger plants is by no means a 
general solution to the problem of ob- 
taining a cheaper product. Since, as the 
authors point out, there is a greater risk 
in building a larger plant inasmuch as 
a greater share of the total market is re- 
quired to absorb the product, investors 
may require a shorter pay-out period. It 
is this rapid pay-out period, plus the tax 
structure, which may make a_ larger 
plant less economical than the smaller 
plant. 

The choice of method of manuiactur- 
ing and purifying synthesis gas for am- 
monia production may very well be the 
clue to more profitable operation in the 
opinion of B. J. Mayland, E. A. Comley, 
and J. C. Reynolds of The Girdler Co. 
They spoke to the chemical engineers 
about “Economic Evaluation of the Pro- 
duction of Ammonia Synthesis Gas 
from Natural Gas” and stated that 
whenever a new ammonia plant is con- 
templated it is necessary to consider 
various methods for carrying out indi- 
vidual steps in order to arrive at the 
most economical processing scheme. For 
a 120-ton-per-day anhydrous ammonia 
production the authors, through the use 
of an air partial-oxidation method at 
elevated pressures (350 Ib./sq.in.g.), 
showed operating costs of four dollars 
a ton less than for the conventional low 
pressure ammonia synthesis. 

The authors studied possible improve- 
ments in the manufacture of ammonia. 
Usually some form of primary and sec- 
ondary reforming with steam over a cat- 
alyst is used. The authors, however, 
investigated the case of the conventional 
process at elevated pressures, the elimi- 
nation of the primary furnace by partial 
combustion with air at low pressure (45 
lb./sq.in.g.), and partial combustion 
with air at elevated pressures (350 Ib./ 
sq.in.g.) The operation of the conven- 
tional process at higher pressures (150 
Ib./sq.in.g.) resulted in a saving of 
about fifty cents a ton; the air partial 
oxidation at low pressure turned out, in 
their analysis, to be even more expensive 
than the conventional method. The most 
favorable case, air partial oxidation at 
elevated pressure, gave a saving of four 
dollars a ton. 

M. J. P. Bogart and J. H. Dodd of 
The Lummus Co. compared the costs 
of manufacturing acetylene by two dif- 
ferent processes. In the regenerative 

(Text continued on page 28) 
(More pictures on page 26) 
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PULSAFEEDER 


DOUBLE-DIAPHRAGM CONSTRUCTION 


This is one of several “special 
design” models of Lapp Pulsa- 
feeder, specifically engineered to 
the requirements of controlled- 
volume pumping of “hard-to- 
handle” chemicals. It is of double- 
diaphragm construction which 
provides certain protection inthe 
4 pumping of anhydrous liquid 
chlorine, anhydrous hydrogen 
fluoride, high concentration hy- 
drogea peroxide, fluorine gas or 
other chemicals which are reactive in 
contact with petroleum oils. A pri- 
mary diaphragm isolates chemical be- 
ing pumped from an intermediate 
chamber containing a liquid inert to 
the chemical, which is in turn isolated 
from hydraulic oil by a second dia- 
phragm. Protection of process liquor 
from hydraulic oil and atmosphere is 
provided, even in the case of failure of 


POSITIVE - diaphragm from corrosion fatigue. 
CONTROL a 
OF PUMPING VOLUME 


Lapp Pulsafeeder is the combination piston-dia- 
phragm pump for controlled-volume pumping of 


feds pion acon roids postive FOR BUILETIN 30 with 

lic medium, working against o diaphragm. A Sost- flow charts, description and specifications of models of 

ing, balanced partition, diaphragm isolates varions Capacities and constructions, Inquiry Data Sheet 

chemical being pumped from working pump parts included from which we can make specific engineering 

limi recommendation for your processing requirement, W rite 

8 Lapp Insulator Co., Inc., Process Equipment Division, 
Pumping speed is constant; variable flow results , 1? Wilsow Street, Le Roy, New York. 


from variation in piston-stroke length—controlled 
by manual hand-wheel, or, in Auto-Pneumatic mod- 
els, by instrument air pressure responding to any 
instrument-measurable processing variable. 
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This YORKMESH 


W. T. Nichols (President, A.I.Ch.E.), Monsanto Mrs. W. Hirschkind (Ladies’ Committee) and 
Chemical Co.; Mrs. R. F. Moran. Mr. Hirschkind, The Dow Chemical Co. 


Left to right: Wayne C. 

Tower Edmister, California Re- 

a ; search Corp.; W. N. Lacey, 

dean, Graduate School, 

Calif. Inst. Tech.; and Mott 

Souders, Jr., Shell Devel- 
opment Co. 


Left to right: Mrs. Charles 
Nelson; José Samaniego, 
Shell Development Co., 
and chairman of the 
Entertainment Committee; 
Mrs. José Samaniego, lLa- 
dies’ Program Committee, 
and Charles Nelson, Shell 
Development Co. ond a 
Director of A.1.Ch.E. 


| L. F. Schimansky, left, Cali- 
fornia Research Corp. and 
chairman of Registration, 
was pleased with the 792 
total attendance. Seated 
with him is a fellow regis- 
tration committeeman, Rich- 
ard J. Mitchell of Califor- 
nia Research Corp. 


Left to right: E. B. Chiswell, 
California Research Corp.; 
B. J. Mayland, The Girdler 
Co.,; M. J. P. Bogart of 
Lummus Co., and R. Paul 
Kite of the Dorr Co. Mr. 
Kite was chairman of this 
symposium, which discussed 
the economic evaluation of 
chemical projects. 


D. W. Schroeder, second 
from left, won this meeting 
prize for the best present- 
| ed paper. He and John A. 
Tallmadge, left, are both 
| of Carnegie Tech. W. N. 
lacey, center, was chair- 
man of this Symposium on 
| Applied Thermodynamics. 
J. H. Ashley, Northwestern 
Tech; and David B. Todd, 
Princeton University. 
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Clean Separation 

contamination 

73 Glenwood Place, E. Orange, N. J. 4 
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BE SURE WITH 


IN ENGINEERING AND CONSTRUCTION 


Fluor’s Engineering and Construction Division 
is a complete organization for the development 
of process methods, mechanical design, equip- 
ment procurement, field erection and initial op- 
eration of plants and facilities for the oil, gas- 
gasoline, chemical, power and allied industries. 


IN MANUFACTURED PRODUCTS 


Fluor’s manufactured products include Aerator 
and Counterflo Cooling Towers, Fin-Fan Air- 
Cooled Heat Exchangers, Pulsation Dampeners, 
Mufflers, Gas Cleaners and related equipment. 
Second to none in quality or performance, Fluor 
products are in service in petroleum, chemical 
and power installations throughout the world. 


You are invited to write for complete information 


on any or all phases of Fluor’s operations. 


THE FLUOR CORPORATION. LTO. 
LOS ANGELES 22. CALIFORNIA ENGINEERS 

Paris CONSTRUCTORS 
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GOLDEN GATE 


(Continued from page 24) 


; some gas is burned and used to 
heat a hed of ceramic 


proce 
material, and this 
bed is then used to heat a separate mass 
of gas to the cracking temperature. In 
the partial-combustion process some of 
the natural gas is allowed to burn pat 
tially in air to raise the temperature of 
the unburned 


h s bas 


portion to the desired 


level, 


‘c difference in the two 


Publicity Committee, left to right: D. F. Rynning, 

Shell Development Co.; Gordon Foster, Shell 

Development Co.; and publicity cochairman N. K. 
Hiester, Stanford Research Inst. 


processes, it was made clear, also affects 
the design of other sections of the plant. 


New Tower Packing 


A new tower packing for diffustonal 
operations was introduced to the chem- 
ical engineers at San Francisco by A. J. 
Teller of Fenn College, Cleveland, Ohio. 
The new tower packing, which is ac 
tually a helical torus, or, as Dr. Teller 
explained in lay language, “a multiple 
elix in the form of a doughnut,” was 


Bryant Fitch, The Dorr Co.; Jesse Coates, Louis- 
iana State University. 


J. J. Martin, Univ. of 
Mich., and Mrs. Martin; 
R. L. Moison, Du Pont Co. 


Left to right: N. R. Amund- 
son, who presided over a 
symposium on ion ex- 
change; R. L. Moison, Du 
Pont Co.; Joseph L. Mc- 
Carthy, University of 
Washington; W. C. Bav- 
man, Dow Chemical Co.; 
and J. Ben Rosen, Prince- 
ton University. 


R. W. Moulton, left, pre- 
sided at a general techni- 
cal program. Papers were 
presented by George E. 
Alves, Du Pont Co.; A. J. 
Teller, Fenn College, and 
Harshaw Chemical Co.; 
Edgor H. Hoffing, M. W. 
Kellogg Co.; Lloyd Brown- 
ell, University of Michigan, 
and R. R. Kraybill, Univer- 
sity of Rochester. 


LeRoy A. Bromley, Univer- 
sity of California; Ralph E. 
Peck, Inst. of Gas Technol- 
ogy; R. Wentworth, 
M.1.T.; Mott Souders, Jr., 
who presided over the 
Transport Properties Sym- 
posium and served on the 
Program Committee, and 
Norman Carr. 


designed on the theory that if a packing 
causes high interstitial holdup, high eff- 
ciencies of transfer would result owing 
to 1) an increased interstitial holdup 
which would cause the liquid to remain 
in the column for a longer period and 
give an increased material-transfer con- 
tact time; 2) an interstitial build-up of 
liquid in the column which would re- 
strict the paths of flow available to the 
gas and increase higher local velocities 
with an attendant increase in 
Further, said the author, a 
longer and more tortuous path for the 
gas phase would increase the effective 
column length for mass transfer, with 
resulting lower H.T.U.’s. 


transfer 
weight. 


Rebert |. Stirton, Or- 
onite Chemical Co. 


A. E. Handlos, Shell 
Development Co. 


Jack E. Powell, lowa 
State College. 


J. T. Moody, Humble 
Oil & Refining Co. 


A further objective of the search, ac- 
cording to Dr. Teller, was to obtain a 
packing that upon being dumped into a 
column would afford a maximum of sur- 
face-edge contacts and have high 
locking properties. The sizes that Dr. 
Teller used for the tests were 34 by 2 in 
and % by 1% in. Nine helical turns 
were used per unit, the rosettes being 
made of polyethylene strip to obtain 
nonwetting properties. 

Dr. Teller evaluated the packing per 
formances of the new rosettes by the 
absorption by city water of ammonia 
from low concentrations in air. In a 
packing-efficiency comparison for liquid 
flow rates from 2,500 Ib. /hr.(sq.ft.) 
down to 500 Ib./hr.( sq.ft.) the height of 
a transfer unit in feet varied only from 
about 0.7 to 0.9. These results, however, 
were for a lined tower, a technique the 
author used to overcome the preferen- 
tial wetting of the glass wall by the 
water. The lining of the column was 
polyethylene with an average thickness 
of 0.09 in. In an unlined column the 
same liquid rates showed variations in 
H.T.U. from about 1.0 to 1.6 ft. 

Dr. Teller’s results were presented in 
a series of graphs, and Chemical Engi- 
neering Progress hopes to print the 
paper in full before the end of this year. 
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Photo Courtesy The Texas Company 


... for the Petroleum Industry 


Caustic Soda is an essential chemical used in petroleum 
refining. 


Uniformly high quality GLC GRAPHITE ANODES are essential 
too—in helping the electrolytic industry meet the growing 
civilian and defense needs for caustic soda and chlorine. 


ELECTRODE DIVISION 


Great Lakes Carbon Corporation 
Niagara Falls, N.Y. EGLCg Morganton, N. C. 


Graphite Anodes, Electrodes, Molds and Specialties 
Sales office: Niagara Falls, N.Y. Other offices: New York, N. Y., Oak Park, Ill., Pittsburgh, Pa. 


Sales Agents: J. B. Hayes, Birmingham, Ala., George O'Hara, Long Beach, Cal., Great Northern Carbon & Chemical Co., Ltd., Montreal, Canada. 


| 


MARGINAL 


Classical Nuclear Physics 


Theoretical Nuclear Physics. John M. 
Blatt and Victor F. Weisskopf. John 
Wiley & Sons, New York (1952), 
864 pp. $12.50. 


Reviewed by Richard N. Lyon, Oak 
Ridge National Laboratory, Oak Ridge, 
Tenn. 


This book is a lucid description of the 
theories which have been proposed to 
explain what is known at present about 
atomic nuclei and their behavior. Since 
no comparable book has been written in 
this field, the authors have performed a 
notable service in collecting the facts, 
and in providing such an understandable 
presentation of the current theories. 
This book is recommended to any person 
who has a moderate knowledge of quan- 
tum mechanics and who is interested in 
obtaining a clear understanding of 
nuclear physics in its present stage of 
development. 

By “theoretical nuclear physics” the 
authors mean “the theoretical concepts, 
methods and considerations which have 
been devised in order to interpret the 
experimental material and to advance 
our ability to predict and control nu- 
clear phenomena.” With the exception 
of one chapter on nucleon-nucleon scat- 
tering, the discussion is limited to ener- 
discussions of 

phenomena with 
rays and with being 
excluded. The theory of nuclear reac- 
tors, the slowing down of neutrons, and 
the stopping of charged particles in 
matter 
these are considered by the authors to 
be in the realm of nuclear engineering 
rather than that of nuclear physics. The 
discussion of nuclear fission is limited, 
because many relevant facts are still un- 
available for generai dissemination. 
The subject of the book may be 
scribed, therefore, as classical 


gies below 50 
nuclear associated 


cosmic mesons 


have also been omitted, because 


de- 
nuclear 
physics. 

The authors have taken great pains 
not to lose the reader. Wherever pos 
sible, the theories are expressed in clear 
mechanical terms and the mathematics 
is used only to reinforce the written dis- 
cussion. The terminology is carefully 
defined. Sections of unusual difficulty 
are marked with a special symbol so 
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NOTES 


News of Books of Interest to Chemical Engineers 


that they can be skipped by casual read 
ers. Engineers without training in 
quantum mechanics will find many sec- 
tions which will be quite clear because 
of the careful, lucid style in which the 
book is written. 

The reader of this book feels lifted 
along in a way which is unusual in an 
advanced technical text. Part of this is 
due to the unpretentious style, which re- 
sults in the clear and considerate exposi- 
tion. The writing style also results in 
the reader's identifying himself with the 
investigators in the field, so that nuclear 
physics becomes an extremely interest- 
ing unfinished story. 

Tables and plots of nuclear data 
occur in the text where pertinent, and 
thirty pages of the book are required 
to list the numerous references which 
are cited. The index is complete and 
well organized. The table of contents is 
broken down by sections which make 
any topic easy to find. 

Several good elementary texts on 
nuclear physics are available, and these 
are recommended in preference to the 
present book for those engineers who 
are interested in a qualitative, semitech 
discussion of the field. But for 
those who are interested im a more 
detailed, well-referenced, technical dis- 
cussion, the present book can be recom- 
mended without further qualification. 


nical 


For the Market Analyst, Engineer 
and Chemist 


Starch—Its Sources, Production and Uses, 
Charles Andrew Brautlecht. Reinhold 
Publishing Corp., New York (1953), 
393 pp. $10.00. 


Reviewed by J. W. Opie, Head, Ur- 
ganic Development Sect., General Mills, 
Inc., Minneapolis, Minn. 


It is difficult to cover thoroughly in 
393 pages a topic as large as starch. 
The author of this book, as the title 
suggests, has therefore wisely limited his 
scope to the and industrial 
aspects of the field. An excellent chapter 
by Dr. Owen A. Moe on the physical 
and starch 
and its this 
policy, but will appeal to the more aca 
demic technologists. 

A large proportion (127 pp.) of the 


economic 


characteristics of 
from 


chemical 


derivatives deviates 
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subject matter is devoted to potatoes and 
potato starch, while corn starch receives 
only twenty-six pages. This emphasis on 
potato starch should attract many to this 
book, the reviewer knows of no 
other treatise on this subject which is 


since 


as complete. 

Another lengthy section, devoted to 
the sweet potato, is quite welcome, since 
the literature of this product has not 
previously assembled. Other 
starches receive shorter treatment. 

Detailed data 
each product are given, making the book 
valuable to the market analyst as 
as to the engineer and the chemist 


been 


economic concerning 


well 


Expanded descriptions of the manu- 
facturing processes used for each starch 
These tend to 

involved tor the un- 
initiated and yet are too elementary for 


are presented. sections 


be unnecessarily 


the engineer. 

The author has failed to bring out 
the relative advantages of the different 
starches for various applications 
has touched too lightly on the use of 
classical methods of modification. 


ind 


Shoes and Ships and Sealing 


Chemicals of Commerce, Foster Dee 
Snell and Cornelia T. Snell. D. Van 
Nostrand Co., Inc., New York, 2nd 
Ed. (1952), 587 pp., $6.50. 


Reviewed by W. L. Faith, Corn Prod- 
ucts Refining Co., Chemical Division, 


Argo, Ill. 


The subject matter of this book covers 
all inorganic and organic chemicals 
worthy of the name “commercial” (25 
chapters ), as well as fats and oils, waxes, 
dyes, toners, lakes, colors, natural plant 
and animal products (e.g., nutmeg, corn 
silk, cuttlefish bone), extracts of natural 
products (e.g., quebracho extract and 
Irish moss ), alkaloids, glucosides, essen- 
tial oils, natural gums, synthetic and na- 
tural resins, elastoniers, carbohydrates, 
proteins, vitamins, antibiotics, and hor- 
mones (13 chapters). 

The treatment of each material varies 
roughly with its importance. Sodium 
hydroxide, one of the longer entries 
takes up two pages. The discussion en- 
solubility 


74) 


compasses its appearance, 
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NATIONAL CARBON OFFERS 


MORE AND MORE FOR YOUR MONEY IN... 


New “KARBATE” Centrifugal Pumps 


BRAND 


CATALOG SECTION S-7250 
CONTAINS: 


® Design improvements 


® Materials and details 
of construction 


® Standardization of parts 
Assembly information 


® Model types, sizes, 


capacity ranges 
‘New Designs... 
emp type ino number of snes end Dimensions 
Mechanical seal with enclosed coolant « 
Type SN ormored connections” e Ordering information 
Maximum interchangeability of parts 
Pump efficiencies to 60% Bg 2 Pas WRITE FOR YOUR COPY 
Discharge pressures to 100 vole NOW! 


ALL “KARBATE” IMPERVIOUS GRAPHITE EQUIPMENT GIVES YOU: 


BRAND 


The term “Karbate” is a registered 


@ OUTSTANDING CORROSION RESISTANCE Carbide ad Carbon Corporation 
NATIONAL CARBON COMPANY 
@ COMPLETE IMMUNITY TO THERMAL SHOCK *Oeearnoreraien 
@ FREEDOM FROM METALLIC CONTAMINATION 
LONG LIFE—LOW MAINTENANCE Cheam, Da, Kann 
tn Canada: National Carbon Limited, 
Montreal, Toronto, Winnipeg 
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UNION CARBIDE SHIPS HIGH-BOILING PHENOLS 


The first tank car of high-boiling phenols recently was shipped from the coal-hydrogenation pilot 
plant of Carbide and Carbon Chemicals Co., Institute, W. Va. The company announced known 
components of 50% of the mixture as: indanol-4, approximately 15%; indanol-5, about 15%; 
3-methy! 5-ethyl phenol, approximately 15%; n-propyl phenols (meta and para), 5 to 10%. This 
shipment will be used by a resin manufacturer. The mixture can also be used, the company states, 
in the manufacture of phenolic-lubricating additives, cresylic-ilype disinfectants, surface-active 
agents, and pharmaceuticals. 


FOUNDATION SURVEYS 
URUGUAYAN INDUSTRIES 


The Armour Research Foundation of 
Illinois Institute of Technology has 
signed a contract with the Republic of 
Uruguay to make a technological survey 
of the country’s industries and re 
sources. A three-man team will spend 
approximately six weeks in the field 
studying means to improve existing in- 
dustries and possibly to establish new 
ones through the application of research 
and engineering technology. One of the 
aims of the investigation ts the creation 
in Uruguay of an independent industrial 
research institute to serve the techno- 
economic needs of the country. Uru 
guayan capital is financing the project. 

Similar technological “audits” have 
been conducted by the Foundation in 
other Latin American countries. The 
Mexican Institute of Technological Re- 
search is an outcome of such a project 
for Mexico several years ago. 


NUCLEAR ENGINEERING 
TOPIC AT DINNER 


The fifth annual dinner of The Chem- 
ical Profession in Cleveland will be held 
at the Hollenden Hotel in Cleveland 
on Wednesday, November 11. 

Professor Harold C. Urey, of the 
Institute of Nuclear Studies, University 
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of Chicago, will give a talk entitled 
“Cosmic Chemical Engineering.” 

The dinner is jointly sponsored by 
the Cleveland sections of A.L.Ch.E., 
A.C.S., Alpha Chi Sigma, American 
Institute of Chemists, and The Electro- 
chemical Society. 


FILM INFORMATION 
ISSUED BY A.L.Ch.E. 


booklet on films of interest to 
chemical engineers has been prepared by 
the Chemical Engineering Education 
Projects and Student Chapters commit- 
tees of A.LCh.E. 

The listing is divided into four parts: 
Part | notes under appropriate topics 
the films that the committee “believes 
to be pertinent to the general course con- 
tent in the average Chemical Engineer- 
ing Department.” Part II covers films 
dealing with specific chemical industries. 
In both Parts I and II a brief descrip- 
tion of the film, the length, the distribu- 
tor, and the manner of distribution are 
noted. Part IIT is an alphabetical listing 
of film distributors. Part IV contains 
general film-information sources. 

The booklet, entitled “Chemical Engi- 
neering Educational Films,’ is available 
without charge from the Office of the 
Secretary, A.I.Ch.E., 120 East 41st St., 
New York 17, N. Y. 
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THIS MONTH IN INDUSTRY 


e American-Marietta reports acqui- 
sition of controlling interest in the Uni- 
versal Concrete Pipe Co. of Columbus, 
Ohio. 


e West Penn Power Co. announced 
the purchase of the distribution and 
transmission systems of Natrona Light 
and Power Co., a subsidiary of Pennsyl- 
vania Salt Mig. Co. Pennsalt will retain 
its facilities inside its Natrona Plant for 
its chemical manutacturing processes. 


e Purchase of the Chemical Porcelain 
Division of the Illinois Electric Por 
celain Co. of Macomb, Ill, was an- 
nounced by U. S. Stoneware Co. of 
Akron, Ohio. 


e Modification of its contract with 
the Atomic Energy Commission will 
give Union Carbide and Carbon Corp. 
responsibility for the operation of addi- 
tional facilities at Oak Ridge, Tenn., 
and Paducah, Ky. The term of the con- 
tract has been extended to June 30, 1957. 


e Vanton Pump & Equipment Corp. 
is the new name of Vanton Pump Corp., 
New York, which has added valves, 
pipe, and fittings to its products. 


e W. R. Grace & Co. has purchased 
for partial occupancy the Cotton Ex- 
change Building on Hanover Square, 
New York. Subsidiary companies will 
be moved into the new quarters, which 
face the company headquarters. 


e Owens-Illinois Glass Co., Toledo, 
has invested $8,000,000 in Plax Corp., 
West Hartford, Conn., manufacturers 
of plastic sheet, tubing, contsiners, ete. 


e Arthur D. Little, Inc., Cambridge, 
Mass., will open a new Midwest liaison 
office in Chicago, Il. 


e Davis & Geck, Inc., a unit of Amer- 
ican Cyanamid, announced the start of 
a year-long move of its manufacturing 
facilities from Brooklyn, N. Y., to 
Stamford, Conn. 


e Dow Chemical! International, Ltd., 
has announced the establishment of a 
plant for the manufacture of saran 
monomer and polymer plastics at 
Nobeoka on Kyushu Island, Japan. 
The new plant is jointly owned by 
Dow and Asahi Chemical Industry Co.., 
Ltd. 


e The Plaskon Division of Libbey- 
Owens-Ford Glass Co. has been pur- 
chased by Allied Chemical & Dye Corp. 
and will be operated as part of its 
Barrett Division. 


(News continued on page 46) 
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This is GARLOCK -Dimensiona Picture 
The Garlock representatives—112 of them—selling Garlock products and 
nothing else—making periodic calls on your plant—offering you the most 


complete line of mechanical packings manufactured by any company. These 
men are trained, experienced and, through interchange of information through- 
out the Garlock organization, conversant with your mechanical packing 


problems. 

Twenty-three offices and three branch factories—with stocks of Garlock 
products—situated in most principal cities throughout the United States— 
convenient to you for prompt shipments and competent service. 

Factories, laboratories, service engineers, resident engineers and pilot plant at 
Palmyra, New York—with background of sixty-six years’ experience in the 
manufacture, application and development of superior quality mechanical 


packings—GARLOCK—The Standard Packing of the World. 


This is the Garlock picture—unique in the mechanical packing 
industry. Take full advantage of it. It is yours for the asking. 


THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 


Sales Offices and Warehouses: Baltimore ¢ Birmingham « Boston « Buffelo « Chicago « Cincinnati « Cleveland 
Denver ¢ Detroit e¢ Houston ¢ Los Angeles ¢ New Orleans ¢ New York City ¢ Palmyra (N. Y.) ¢ Philadelphia 
Pittsburgh ¢ Portland (Ore.) ¢ Salt Lake City ¢ San Francisco ¢ St. Louis ¢ Seattle ¢ Spokane ¢ Tulsa, 


Branch Factories: Birmingham « Denver ¢ San Francisco. 


In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. 4 ® 


PACKINGS, GASKETS, OIL SEALS, 


RUBBER EXPANSION JOINTS 
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8” Balanced Angle Valve, 
with Holo Plug, control- 
ling oil level on Gas-Oil 
Separator in Saudi Arabia. 


ARABIAN AMERICAN OIL COMPANY 


difficult control problems which are intensified by—Desert Heat —Sandstorms — 
lonizetion — Remoteness. 


znd DEPENDABLE PERFORMANCE of Hammel-Dahl Control Valves under the most 
adverse operating conditions. 


Write for your copy of our new Angle Valve Bulletin. 


COMPANY 
175 POST ROAD, (WARWICK) PROVIDENCE 5, R. I., U.S.A. 


SALES OFFICES IN ALL PRINCIPAL CITIES 
PLANTS IN WARWICK, R. U. S. A., CANADA, ENGLAND, FRANCE HOLLAND 
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port of the magazine pull the folded portion 


way to get the chemical engineering information 
Just a moment is needed to learn how to use 
this insert. When looking through the front 
of the insert out to the right, and the numbers 
on the post card are convenient for marking. 


you need on new equipment, on advertised 


products, on the newly 


| 


reported on these pages. A one post card in- 
quiry designed to bring data quickly and easily. 
Circle the items of interest, sign your nome, 
position, address, etc., and drop in the mail. 


This “C.E.P.” information service is a convenient 


vertical scoring, and once again the numbers 


the left, fold the post cord back along the 
are handy for circling. 


@s you pass the pull-out page, and 
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Will Postage Stamp Postage Stamp 
, Necessary Necessary 
by If Mailed in the If Mailed in the 
United States United States 
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14A 
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Louisville Cooler 

Surface coolers, water tube coolers, and atmospheric 
coolers. 

Louisville Drying Machinery Unit, General American Trans- 
portation Corp. 


Instrumentation for Variables 
For the measurement and control of variables. 
Fischer & Porter Co. 


Standardaire Blowers 
Helically-shaped rotors compress air. 
Read Standard Corp. 


Continuous Centrifugal 

7 different pool depths, variable beach speeds from 0 to 
300 in. per minute, 2000 F x G, and self-cleaning feed 
chambers. 

Tolhurst Centrifugals Div., American Machine and Metals, 
Inc. 


Filtration 

Large volume filters in sizes from 100 sq. ft. to 2000 
sq. ft. of filtering surface. Horizontal plate filters for 
fine filtration also. 

Sparkler Manufacturing Co. 


Chemical Service Valves 

Durco Type B valves for sulfuric acid service. Bulle- 
tin V/2. 

The Duriron Co., Inc. 


Wedge Gate Valves 

Alloy trimmed, alloy cast iron gate valves. Circular 
No. 14477. 

Crane Co. 


Heat Transfer Medium 

For chemical, petroleum, paint, food and other process 
industries. 

The Dow Chemical Co. 


Thermometer Controller 
23 different temperature ranges. Bulletin 6401. 
Minneapolis-Honeywell Regulator Co. 


Mixing and Blending 

Tilting and stationary bow! models, capacities one quart 
to 1500 gallons. Bulletin 53759. 

Read Standard Corp. 


Stainless Piping 

All standard pipe size schedules in a complete range of 
stainless steel grades. 

The Babcock & Wilcox Co., Tubular Products Div. 


Pressure Filter 

Style “H” Filter will filter liquids at rates up to 30,000 
gal./hr. 

Niagara Filters Div., American Machine and Metals, Inc. 


Process Plants 

Designing, engineering, and building plant construction 
or modernization. 

The Girdler Co. 


Continuous Dilution 

For paper production. Also proportioning, sampling, 
blending, diluting, and feeding. Bulletin 1400 

Proportioneers, Inc. 


Tygon Gaskets 
Also tubing, tank lining, and paint. 
U. S. Stoneware Co. 
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Gasholder 

Modern sewage dige gasholder illustrated. 

Wiggins Gasholder Div., General American Transpor- 
tation Corp. 


Sealless Pumps 
Available in 1/3, 3/4, 1, 2, and 3 horsepower sizes. 
Chempump Corp. 


Buflovak Kettles 

For heating, cooling, mixing, extracting, reacting, dis- 
tilling, evaporating, drying, and solvent recovery. 
Free color booklet. 


Blaw-Knox Company, Buflovak Equipment Div. 


Heat-Transfer Engineering 
Services and units. 


Aerofin Corp. 


Pulsafeeder Double-Diaphragm Pumps 
Controlied-volume pumping. Bulletin 300. 
Lapp Insulator Co. 


Yorkmesh Demister 
For mist separation in a vacuum tower. 
Otto H. York Co., Inc. 


Fluor Engineering and Construction 

Design, erection and initial operation of plants and 
facilities for the oil, gasoline, chemical, power and 
allied industries. 

The Fluor Corp., Ltd. 


Petroleum Caustic Soda for Refining 
Graphite anodes, electrodes, molds and specialties. 
Great Lakes Carbon Corp., Electrode Div. 


“Karbate” Centrifugal Pumps 
Impervious graphite equipment. Catalog Section S-7250. 
National Carbon Co. 


Mechanical Packing 

Manufacture, application and development of mechani- 
cal packings. 

The Garlock Packing Co. 


Gas-Oil Separator Valves 
Control valves. Angle valve bulletin. 
Hammel-Dah! Co. 


Process Filtration 
Continuous vacuum and pressure filters. 
The Eimco Corp. 


Conkey Evaporators 

Periodic switching permits all fouled surfaces to be 
washed free. Write for details. 

Process Equipment Div., General American Transportation 
Corp. 


“Standard”-ized Drying 
30 types of Standard-Hersey dryers. Bulletin No. 531. 
Standard Steel Corp. 


Pyrex Glass Processing Equipment 

Glass No. 7740 for coolers, condensers, fractionating 
columns, piping and other processing equipment. 
Bulletin, Data Sheets. 

Corning Glass Works 


Metallic Filter Cloth 

Available in a variety of weaves in all malleable metals. 
Catalog E. 

Newark Wire Cloth Co. 
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PRODUCTS (Continued) 


I-R Steam-Jet Ejectors 

Available in single-stage, two-stage, and multiple-stage 
designs. Bulletin 9013A. 

Ingersoll-Rand 


Stainless Steel Fittings 
Assemble and disassemble with an Alien wrench. 
Manual Q190. 


The Cooper Alloy Foundry Co. 


Teflon Diaphragms 

Valves availabie with a wide choice of manual, remote 
and automatic operators. 

Hills-McCanna Co. 


Polyethylene Pumps 

For corrosive and hazardous fluids. Capacities from 
fractional to 20 gpm. Booklet. 

Vanton Pump and Equipment Corp. 


Actinic Radiation for Photochemistry 

Photochemical equipment for continuous flow, batch or 
recycling processes. Literature. 

Hanovia Chemical & Mfg. Co. 


Brazed Aluminum Heat Exchangers 
Extended surface heat transfer equipment. Free book. 
The Trane Co. 


Antifoam 

Defoamers for the processing industry. Coupon for 
free sample. 

Dow Corning Corp. 


Paracoil Heat Exchangers 

Special equipment, pilot plant units or plant moderniza- 
tion programs. 

Davis Engineering Corp. 


Celite Diatomite Powders 
Absorb twice their own weight of liquid. 
Johns-Manville 


Controlled Humidity Air Conditioning 

Removes the excess moisture from out-door air by contact 
with an absorbent liquid in a spray chamber. Write 
for information. 

Niagara Blower Co. 


24th Exposition of Chemical Industries 
Philadelphia, Nov. 30 to Dec. 5. 
Chemical Industries Exposition 


Electronic Tank Gauge Receiver 

For 36-foot range tanks and smaller. No. 8800 series. 
Coupon for Bulletin CP-3004. 

The Vapor Recovery Systems Co. 


Vitreosil Crucibles, Dishes, Trays 

Immune to extreme chemical, thermal and electrical 
conditions. Bulletin No. 17. 

The Thermal Syndicate Ltd. 


Constant-Weight Feeder 

Regulating feeder. Bulletin 33-D-40. Electronic mill feed 
control. Bulletin 42-40. 

Hardinge Co., Inc. 


Process Equipment 
Engineering and manufacturing. 
Badger Manufacturing Co. 
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Special Filtering Problems 
Packaged plant for continuous filtration of molten phos- 


phorus. Also standard filtering problems. Bulletin 
No. 431. 


R. P. Adams Co., Inc. 


Spraco Nozzles 

Full cone, flat spray, and hollow cone. Catalog. 

Spray Engineering Co. 

Filter Presses 

For practically any kind of filter material. Catalog. 

D. R. Sperry & Co. 

Bubble Caps 

Bulletin 21 lists 200 styles. Special caps designed. 

The Pressed Steel Co. 

Technical Molybdenum Trioxide 

The raw material for the production of all molybdenum 
compounds. 

Climax Molybdenum Co. 

Color Comparators 

For phosphate, pH, chlorine determinations. 96 page 
book. 

W. A. Taylor and Co. 


Pipe-Cutting Pantograph 

Guided torch machine for all types of pipe cuts. Bulle- 
tin P-2. 

Vernon Tool Co., Ltd. 


Synchro-lectric Viscometer 

Adaptable to any problem for less than one to 
32,000,000 centipoises. Catalog. 

Brookfield Engineering Laboratories, Inc. 

Steam Traps 

For heat, power, process; sizes V4 in. to 2 in.; pressures 
to 250 Ibs. Bulletin 853. 

W. H. Nicholson & Co. 


Furane Resin Cement 

Mortar for corrosion-resistant masonry, supplied in the 
form of powder and liquid, for mixing at time of 
use. Folder. 

Delrac Corp. 


Pumps and Compressors 

Check valves, compressors, and centrifugal pumps. Cata- 
log 546. 

Pennsylvania Pump & Compressor Co. 

Industrial Balances 

Micrometer-poise balance for speedy determination of 
weight. 

Ohaus Scale Corp. 

Agitator Drives 

Double and triple reduction drive unit. 

Western Gear Works 


Plate Fabrication 

Towers, pressure vessels and heat exchangers a specialty. 

Downingtown Iron Works, Inc. 

CR Chill-Vactor 

Steam-jet vacuum unit to flash<ool water and other 
liquids down to 32° F. 

Croll-Reynolds Co., Inc. 

Chemical Plant Construction 

Construction, renovation, erection and installation in the 
field. 

The Vulcan Copper & Supply Co. 

Lightnin’ Mixers 

Sizes from Ve to 500 h.p. Catalogs. 

Mixing Equipment Co., Inc. 
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EQUIPMENT 


Pole Motors. Developed by Burgess Vibrocrafters, Inc. 
lag to Ve hp. two-pole shaded pole motors, half the 
size and weight of normal motors of same rating. 


Line Burner. Manufactured by Eclipse Fuel Engineering 
Co. gas-fired retention-type line burner. Use where 
heat is distributed over wide area by continuous flame 
Recommended for oven, kettle, air heating. 


Systems Control. Foxboro Co. control for consistency 
and acid concentration of slurry systems. Application 
engineering data sheet contains much pertinent in- 
formation. Originated for use in production of titan- 
ium-based pigments but now available for control of 
other difficult processes where slurries are involved. 


Pressure Switch. Capable of sensing pressure over 
adjustable range 15, to 3,000 Ib./sq. in. and actuating 
circuit on increase or decrease of pressure, heavy-duty 
pressure switch from Barksdale Valves. 


Fatty Acid Distillation. From General Industrial Develop- 
ment Corp. multicolored folder on Wecker plants for 
distillation of fatty acids and for deacidifying oils. 
Discuss operation, features, apparatus, etc. 


Size Distribution Analyzer. For quick determination of 
particle-size distribution, an analyzer from Sharples 
Corp. Research Labs. Named micromerograph. For 
producers of cements, pigments, metal powders, drugs, 
chemicals. 


Specific Gravity Meter. A standardized, packaged in- 
strument for continuous measurement of specific 
gravity introduced by Ohmart Corp. Uses radioactivity 
for measuring liquids, slurries, sludges, or granular 
materials. Accuracy +.005 in any range. Eight stan- 
dard ranges. 


Plastic Pumps. Cooper Alloy Foundry Co. and Vanton 
Pump Corp. plastic pumps, valves, and fittings. Elimin- 
ate danger of metallic contamination; wide corrosion 
resistance required in chemical process industries. 


Flowmeter. Taylor Instrument Companies development 
for measuring liquid, steam or gas flow; liquid level 
or specific gravity. Illustrated, detailed leaflet includes 
cutaway views. 


Pressure Regulators. Fischer & Porter Co. constant 
pressure differential regulator and an instrument air- 
pressure regulator. Catalog carries complete details, 
schematic drawings, other data. 


Immersion Heater. Added to Chromalox electric heating 
units a flanged tubular type. Supplements present units 
for heating water, oil, or paraffin. Available in 120 to 
550 v. ratings; capacities 4 to 12 kw. E. L. Wiegand Co. 


Safety Mask. Cyclo-Flo Co. safety mask, 30 min. breath- 
ing apparatus called Poketaire. Weighs 81/2 lb., fea- 
tures 5 min. escape cylinder for opening when large 
cylinder is exhausted. 


Stainless Steel Pump. For drug and chemical industries, 
stainless steel pump, self-priming. Eliminates check 
valves, stuffing boxes, etc. Capacities 1/3 to 20 
gal./min.; discharge pressure 0 to 60 Ib./sq.in. gauge; 
suction lifts to 26 in. Vanton Pump Corp. 


Filters. Redesigned line of Titeflex, Inc., filters. Less 
floor space, control valve motor and pump relocation. 
Use backwash to clean. 


Water Conditioning. Elgin Softener Corp. bulletin on 
water conditioning. Sections on softeners, zeolites, ion- 
exchange resins, deionizers, water-treating chemicals, etc. 


Filter Aid. A new carbonaceous filter aid, insoluble in 
caustic solutions from Anthracite Equipment Corp. 
AnthraAid exhibits chemical and physical properties ad- 
vantageous in industry. Samples of four grades available. 


Filter Medium. New filter medium, Kel-F., announced by 
Porous Plastic Filter Co. Resistant to strong acids, 
caustics, oxidizing agents and organic solvents. For use 
at temperatures to 300° F.; tensile strength 900 Ib. /sq.in. 


Flexi-Speed Drive. New to Reeves Pulley Co., flexi- 
speed—a variable speed drive. Speed ratio up to 8:1. 
Used with right angle or parallel shaft reducers, V2- to 


l-hp. capacities. 


Lubricators. High-pressure, force-feed lubricators for 
service to 30,000 Ib. from Manzel Division Frontier Indus- 
tries, Inc. Used in chemical field for cylinder and 
bearing lubrication of compressors. 


Portable Hot Plate. Inexpensive portable hot plate for 
small volume work (750° F. in 35 min.) Lindberg Engi- 
neering Co. 


Automatic Control System. For gravimetric proportion- 
ing, blending and batching. Automatic control systems 
by CDC Control Services, Inc. Weight accuracy 0.015% 
at speeds of 0.01 sec 


Synthetic Filter Fabrics. Filtration Fabrics Division of 
Filtration Engineers, Inc., announces new method of 
cutting holes, straight or curved edges, etc., and seal 
ing edges on synthetic fabrics by electrically heated 
blades. Tightly bonded edge prevents raveling. 


Ladder Tread. A newly designed formed metal tread 
increasing safe footing added to Ballymore Co. safety 
ladders. 


Hydraulic Foam Tower. Portable foam tower, raised and 
lowered by hydraulic action offered by National Foam 
Systems, Inc. Used in fighting flammable liquid tank 
fires. Quickly erected, used for tanks of varying 
heights. Simple conversion adapts for chemical foam use 


Controller. Contact-type, Cyber-Tac, controller for use 
with electronic circuit. Combination cut-off and auto- 
matic hold type with thermocouple break protection 
Control to 2% of full-scale range. Cybertronic Corp 
of America. 


Tel-Flo Meter. Tel-Flo meter from Uehling Instrument 
Co. for measuring flow rates and purging line. For 
maximum pressures of 300 Ib. Higher upon request 


Conveyors. Armorbelt conveyors announced by M-H 
Standard Co. Belt runs on protected ball bearings 
Inclined or vertical models 


Flow Detector. From Fenwal Inc., precision flow de- 
tecting instrument which may be used as warning 
device in air-cooled equipment, ventilation control or 
similar application. Also as liquid-level detector or 
controller in storage and supply tanks. 


Hose Safety. “Dangers Under Pressure,” a new safety 
booklet available from Hose Accessories Co. 


Regulating Valve. Regulating valve from Natural Gas 
Equipment, Inc. The Thomas Magna-Stroke available in 
all types. Works at ratio of 2:1 giving twice the stroke 
at inner valve as to diaphragm. 
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Proportioning Pumps. For the chemical, textile, pe- 
troleum, etc., industries, proportioning pumps from 
Walter H. Eagan Co., Inc. Meter quantities from 0 to 
100 gal./hr. at pressures of 1200 Ib./sq.in. Special 
units of 300 gal./hr. pressures to 20,000 Ib./sq.in. 


Shuttle Valves. To provide automatic switchover from 
either of two control stations, shuttle valves from 
James-Pond-Clark. Shuttling action with tight sealing 
at pressure differentials of less than 1/3 Ib./sq.in. to 
3000 Ib./sq.in. 


Condenser Tube Kit. New cleaning and application kit 
to remove deposits from condenser tubes, from Thos. C 
Wilson, Inc. 


Controlled Mixing Equipment. Added to line of Na- 
tional Engineering Co. is Simpson LF Mix-Muller for 
industrial laboratories. Designed for ceramic, chemical, 
and process industries. Bulletin gives outstanding 
features. 


Portable Analysis Unit. Self-contained portable unit for 
use in microanalysis. Can perform all basic operations 
of ultramicro analysis in acidimetry and oxidimetry 
titrations, filtrations, etc. Cabinet 2 ft. high, 3 ft. wide, 
18 in. deep. Built-in electrical connections. Micro- 
chemical Specialties Co. 


Portable Indicating Instruments. Two series of portable 
electric instruments announced by General Electric Co. 
Available to indicate volts, watts, amps, and milliamps. 


Steam Valves. Atkomatic Valve Co. stick-free steam 
valves. Design compensates for both expansion and 
deposits. 


Rotary Vacuum Pump. Vacuum pump added to line of 
Lammert & Mann Co. Rotary principle, no valves or 
reciprocating parts. Need not be fastened to floor. 
No tanks or receivers necessary except for special 
systems. Sizes 1 to 52 with capacities 4.3 to 84 
cu.ft./min. free air. 


Filter Felt. Introduced by American Felt Co., a filter 
bonded Dynel felt. For use in filter press or vacuum 
filter applications. 


Lift Truck Scale. For any hydraulic cylinder-type-lift 
truck the Martin-Decker Corp. lift-truck scale. Capacity 
2,000 to 20,000 Ib. Permits floor weight distribution, 
eliminates accidents from overload. Illustrated bulletin. 


Canal Liner. Johns-Manville asbestos prefab canal liner 
for protection against water seepage from irrigation 
systems, stock ponds, reservoirs. Also as liner for in- 
dustrial retention ponds holding waste materials. Rolls 
are 36 in. wide, 108 sq.ft./roll. Material is asbestos 
felt saturated and coated with special asphalt. 


Chemical Resistance Tables. Binder inserts giving tables 
of chemical resistance of various types of rubber, avail- 
able from Lee Tire & Rubber Co. Cover commercial 
organic, organic chemicals, acids, salts, and miscel- 
laneous. 


Valves. Corrosion-resistant plastic globe and Y valves. 
Polyethylene excep: for sealing diaphragm on disc. 
Withstand most acids, caustic solutions. Pressure to 
50 Ib./sq.in., temperatures to 150°F. Now available 
In V2 to 2 in. sizes. Vanton Pump Corp. 


Stainless Alloy. Cooper Alloy Foundry Co. New 18-8 
type hardenable stainless alloy. High hardness. Non- 
galling, good corrosion resistance. 


Chromatographic Separation. Chromo Pup announced 
by Enley Products, Inc., for chromatographic separation 
of rare earths, sugars, antibiotics, etc. Constructed of 
acrylic resin permits progress observation. 


Stress Rupture Data. From Babcock & Wilcox Co., 
binder insert technical data card on stress rupture 
data on B & W Croloys. For evaluation of character- 
istics of metals under stress. 


Rubber Conveyor Belting. Rubber Conveyor belting 
with rubber cleats forming an integral part of the 
belt, announced by Goodall Rubber Co. For bulk 
handling of foods, chemicals, pharmaceuticals, coal, etc. 


Back-up Rings. Garlock Packing Co. spirally machined 
Teflon back-up rings designed to prevent extrusion of 
0 rings. High impact strength from —100°F. to 
+ 500° F. Noncorrosive, nonfraying, self-lubricating. 


Mercury Recovery. Acme Protection Equipment Co. 
announces Mer-Vac method of recovering mercury 
globules and mercury-laden dusts. Combats hazard of 
mercury vapor poisoning. Combination gas mask can- 
ister for vapor collection; industrial vacuum cleaner for 
mercury recovery. 


Silicone Rubber Parts. General Electric Co. announces 
new silicone rubber for production of uniform parts 
from ordinary rubber molds. Recommended for capacitor 
bushings, O-rings, packings in engines. 


Laboratory Scale. Laboratory and research scale from 
Exact Weight Scale Co. 


Flow Meter. Linameter, a Penn Industrial Instrument 
Corp. variable-area-type flowmeter now available with 
pneumatic transmission. All metal, mounted directly in 
the pipe line. Measures rate from 0.3 to 3 gal./min. 
Sizes 2 to 8 in. 


Test Chambers. New line of multirange, al!-purpose test 
chambers for producing temperature to —130°F. to 
200° F., humidity cycle 20% to 95% from +35°F 
to +185°F., introduced by Murphy & Miller, Inc. 
Five sizes; test space capacity 4 to 36 cu.ft. 


Sludge Controller. From Simplex Valve & Metal Co. 
a sludge controller with electrical transmission. Designed 
to control flow of sludge or heavy liquids, 8 in. diam. 
Affords complete cutoff or maximum flow conditions. 


Tefion Sheets. Available from Ethylene Chemical Corp., 
low porosity, high density, high tensile, Teflon sheets. 
Also stress-relieved sheets. Size 29 x 29 in.; thickness 
.050 in. to 2 in. 


Hammer Mill. Schutte Pulverizer Co. hammer mill with 
quick screen-change feature. Screen withdrawn and 
replaced without stopping mill. Sizes 20 to 125 hp 
either belt-driven or direct-connected models. 


Valves. Designed for industrial applications where 
ammonia and gases noncorrosive to steel are used. 
Catalog covers valves and fittings. Henry Valve Co. 


Riveted Roller Chain. Improved assembly riveted roller 
chain announced by Chain Belt Co. Bulletin contains 
section on how chain is made to any length. Strengths, 
dimensions, weights or standard chain. 


Viscometer. Norcross Corp. line of viscometers, an 
indicating instrument for applications not requiring @ 
permanent record. Dial 6-in., either panel or wall 
mounting. 
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Pipe Insulation. A one-piece, molded, fine-glass-fiber 
pipe insulation from Gustin-Bacon Mfg. Co. Features are 
light weight, thermal efficiency, resilience, insolubility 
in water, nonbreakable. For applications up to 350° F. 
Bulletin. 


Continuous Centrifugal. Introduced by Tolhurst Cen- 
trifugals Division of American Machine and Metals, Inc., 
continuous centrifugal. Either short runs on different 
products or long runs on single product. Drive permits 
instantaneous speed changes from 0 to 300 in./min. 
Seven pool depths available by simple adjustment 
Available for 90-day tests 


CHEMICALS 


Extruded Thermoplastics. Plax Corp. brochure on ex 
truded thermoplastics. Table compares polyethylene, 
methacrylate, polystyrene and fluorocarbons. Second 
section shows forms in which plastics are available, 
dimensions, surface, color, uses and applications. 


Teflon. From Ethylene Chemical Corp. bulletin on Teflon. 
Available are round tubing, molded tubes, rod, and 
tape. Tables of properties, dimensions. Characteristics 
listed, flow sheets, etc. 


Polyvinyl Resin. Bulletin on Colton Chemical Co. Vinac 
polyvinyl acetate solid resin. Uses, applications, and 
properties of Vinac beads. Regular solvent or alkaline 
soluble types. For use in adhesive, paper, textile in- 
dustries. Other Colton products also listed. 


Water Repellent Finish. DeCetex 104 from Dow Corning 
Corp. Water-dilutable emulsion for synthetics and syn- 
thetic blends. Fabrics treated retain high spray ratings 
after cleaning. Colorless. No afterwash or neutralizing 


Liquid Linings and Coatings. Folder from Gates Engi- 
neering Co. describes chemical and abrasion-resistant 
tank linings and coatings. Quick drying, easily applied 
Variety of colors. 


o-Phenylphenol. o-Phenylphenol in white flake form 
essentially colorless, odorless, from Dow Chemical Co. 
Industrial preservative. Bulletin. 


Butyrate Lacquer. Eastman Chemical Products, Inc. book 
let on half-second butyrate lacquer. Data on com- 
patability with 125 natural and synthetic resins, oils, 
waxes. Data on hardness, tensile strength, flexibility, 


water immersion, formulation suggestions, etc 


Anhydrous Ammonia. “Guide to the Use of Anhydrous 
Ammonia,” from Allied Chemical & Dye Corp. Gives 
specifications in cylinders, covers applications, handling 
and operating techniques, safety instructions, charts, 
technical drawings. 


Resorcinol. Use of Resorcinol as an intermediate in 
pharmaceutical and industrial production. Koppers Co., 


Inc. Historical background, use in low-temperature 


bonding of plastics, textile dyes, etc. 


methods, constant-boiling mixtures listed. 


Aldehydes. Describing aldehydes, a 36-page book from 
Carbide and Carbon Chemicals Co. Detailed are four- 
80 teen aldehydes available commercially. Others in re- 
search quantities. Uses and applications, properties, test 
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Polystyrene Emulsions. From Koppers Co., Inc., technical 
bulletin. Properties and characteristics of four poly- 
styrene emulsions, stable water dispersions of high 
molecular weight. Uses and applications in reinforced 
plastics, water-base coatings, primers and sealers dis- 
cussed. Tables of compatible organic and inorganic 
pigments. 


Liquid Polymer-Epoxy Resin. Combinations from elas- 
tomers to hard resins prepared by co-curing Thiokol 
Chemical Corp. liquid polymers with liquid epoxy resins. 
Process at room temperature. For use as sealants, coat- 


ings, adhesives. Portfolio on subject. 


Aluminum. (83) Aluminum Co. of America booklet on 
aluminum in process industries. Illustrated, discusses 
economic advantages, lists mechanical properties, solu- 
tion potentials. (84) Folder on Alcoa chemicals—aluminas 


and fluorides. 


White Liquor Polishing. Dorr Co. white liquor polishing 
station of one or more polishing filters, vertical pressure 
type with piping, valves, and control instruments. Pro- 
duces clear cooking liquor for pulp producers by re 
moving colloidal impurities too fine for econmical 


gravity settling 


Water Detection. Announced by R. P. Cargille Labs., Inc. 
Mois-Tec reagent for traces of water. Applicable to 
anhydrous solvents, paint thinners, cleaning solvents, 


oils, greases, etc. 


Sodium Perborate. Available in quantity from Buffalo 
Electro-Chemical Co. sodium perborate. Contains 10% 
active oxygen by weight. For use in textile industry, in 


powder bleaches, cosmetics, etc. 


Formaldehyde. Bulletin on UF concentrate 85 a high- 
concentrated liquid formaldehyde from Allied Chemical 
& Dye Corp 
other pertinent data. 


Analysis, physical properties, advantages, 


Gelling Agent. Permage! for aqueous or organic sys- 
tems, gelling agent from Attapulgus Minerals & Chemi- 
cals Corp. Material is inorganic purified colloidal form 
of mineral attapulgite. Used in lubricating greases, cos- 


metics, rubber, paint, insecticides. 


BULLETINS 


Grinding and Mixing Equipment. Detailed bulletin from 
U. S. Stoneware Co. gives technical data on standard 
line of grinders and mixers. Also on new Roalox- 
burundum-fortified mill jars of wear-resistant, high- 
fired burundum-like body. Data, photographs, etc 


Steam Traps. Book on Armstrong Machine Works steam 
traps. Lists and describes line. Selection and application 


data for most condensate drainage problems. 


Gear Pumps. From Schutte and Koerting Co. A 2-color 
bulletin lists standard. and special-type-gear pumps. 
Covers design, construction, and operation, how used 
in petroleum, petrochemical, food, textile, and other 
industries. Handles material viscosity ranges 30 to 
10,000,000 S.S.U. 


Feeders. To contro! withdrawal rate of materials from 
bins to hoppers and their discharge to conveyors or 
subsequent processing equipment. Catalog from Har- 
dinge Co., Inc. on constant-weight, weight-measuring 
volumetric belt, and disc feeders. 
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Flame Cutter. Vernon Tool Co., Ltd. flame cutter. 
Variable-speed transmission unit assures control of 
cutting speed. 


Lighting Fixtures. Redesigned explosion-proof lighting 
fixtures from Crouse-Hinds Co. Shows cutaway view, 
describes components, performance data, methods of 
installing. 


Plastic Pipe and Tubing. Extruded rigid polyvinyl 
chloride plastic pipe and tubing in wide-size range and 
full range of fittings in new, unplasticized polyvinyl 
chloride from Alpha Plastics, Inc. Water absorption 
0.2% in 24 hr. at 25°C. Heat distortion only above 
165° F. 


Laboratory Furniture. Loose-leaf catalog from Metalab 
Equipment Corp. Sections on tables, sectional units, 
special equipment, desk, chairs. Illustrated. 


Corrosion Resistance. American Brass Co. study on 
“Corrosion Resistance of Copper and Copper Alloys.” 
Gives results of laboratory and field studies. Stress- 
corrosion cracking, galvanic corrosion, fresh and salt 
water corrosion, corrosion in petroleum refineries. 


Gates and Valves. Stephens-Adamson Mfg. Co. bulletin 
on gates and valves, including Twistite double-closure 
bin valve and Moore bin gate. 


Pressure Pipe Fabrication. Brochure from Lummus Co. 
details fabrication of pressure piping. Production steps, 
shop facilities, etc., pictured. Demonstrates bending of 
large-diameter, heavy-wall pipe. 


Power Transmission and Conveying Equipment. Chain 
Belt Co. catalog on cast and steel chain, cast tooth 
sprockets, belt conveyor idlers, etc. Corrosion- and 
abrasion-resistant Rex Z-metal. 


Push-Button. General Electric Co. illustrated bulletin on 
oil-tight push-buttons. 


Speed Changers. Meiron Instrument Co. technical data 
sheet lists purpose, applications, speed considerations 
on miniature combination variable and fixed ratio speed 
changers. Sectional diagrams. 


Viscosity Measurement. 
lator Co. instrumentation data sheet describes Brown 


Honeywell-Minneapolis Regu- 


ElectroniK recorder and Brookfield Viscometran. Cive 
continuous indication and record viscosity under process- 
ing conditions. For food, textile, chemical, and other 
industries. Illustrations and schematic diagrams. 
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Valve Line Blind. Leaflet from D. H. Greenwood on 
gate valve line blind. Cast steel, built to A.S.A. speci- 
fications; O-rings of synthetic rubber for oil industry 
needs. Wedges unitized. 


Valve Actuators. For installation on valves, valve 
actuators by Ledeen Mfg. Co. Air, gas, oil, water, or 
steam-actuated. Direct or remote control. Bulletin 


illustrated. 


Gravity Instruments. For recording specific gravity of 
gases, instruments from American Recording Chart Co. 
Bulletin describes construction, gives ranges, typical 
gravitometer chart. 


Fuel Filtration. For crude, residual, diesel, refined and 
gaseous fuels, Winslow Engineering Co. filters. Folder 
describes method and gives pertinent information. 


Gas Analysis Equipment. Leeds & Northrup Co. Speedo- 
max gas analysis equipment for thermal conductivity 
measurements. Characteristics, design features, etc. For 
measuring COs, SOs, and Hy purity. 
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Protective Hoods. Mine Safety Appliances Co. circular 
describes Dustfoe dust hood and Gasfoe paint hood. 
Provide head, eye, face, and neck protection. Also 
Comfo dust and chmical hoods. Wide-vision plastic 
windows. 


Temperature Controls. Two temperature contro! models 
from Burling Instrument Co. Used primarily for high- 
temperature safety alarms and cut-outs to 1800° F. 
Operation, dimensions, method of mounting and oper:t- 
ing specifications. 


Orifice Meters. Rockwell Mfg. Co. 201 orifice meters. 
Bulletin contains 3/2 pages of tables of representative 
orifice capacities for sizing orifice meter plates. Illus- 
trations, descriptions of manifold arrangements, draw- 
ings, meter elements. 


Fertilizer Plant Design. Dorr Co. bulletin on design of 
phosphoric acid, triple superphosphate, 
phosphate, and complete concentrated fertilizer plants. 


ammonium 


Pyrometer Supplies. Catalog from Arklay S. Richards Co., 
Inc. on thermocouples, protection tubes, wire, insulators 
for all makes of pyrometers. Lists time-saving features, 
schematic drawings, sizes, materials, etc. 


Compressors. Compressor, valve, and pump line of 
Pennsylvania Pump and Compressor Co. Details on each 
type available. 


Viscometers. Norcross Corp. viscometers for recording 
er recording-controlling of viscosity. Applicable to tex- 
tile, paper, synthetic, piastic, food industries. Bulletin 
illustrates models available. Explosion-proof design also. 


Transparent Tubing. Cobon, a transparent plastic tubing 
from Couse & Bolten Co. Odorless, tasteless, flexible, 
and nontoxic. Temperature range —30° to 190° F. 
Sizes 0.12 1.D. to 2 in. 1.D. Larger sizes available. 


Gear Drive. Johnson Gear & Mfg. Co. right-angle gear 
drive for centrifugal pumps and other industrial use 
Illustrated folder on features including construction, 
design, lubrication, oil cooler, etc. 


Pumps. Eastman Pacific Co. Dudley V-9 pump for 
water, brine, oil, gasoline, and chemicals. Positive dis- 
placement for pressures to 500 Ib./sq.in. Operates at 
—60F. 10 165° F. 
diagrams. 


No lubrication required. Data and 


Fabricated Tanks. Littleford Bros., Inc. tanks fabricated 
to specifications. Plain, jacketed, code, agitator. Stain- 
less, aluminum, Monel, steel. For the food, chemical, 
packing and other industries. 


High Pressure Fittings. High-Pressure Equipment Co. 
valves, tubes, and fittings. Catalog. Cutaway views, 
tables of sizes, other information included. 


Mixer. Posey Iron Works, Inc. Lancaster mixer for use 
where evaporation of liquids, fumes or dust hazard 
must be avoided. 


Stainless Tubing. Crucible Steel Co. bulletin on stainless 
tubing. Gives whys and wherefors of all phases. Cor- 
rosion data included. 


Tray Packing. Announced by Fractionating Towers, Inc. 
Multi-Path tray packing. New internal construction for 
high capacity fractionating columns, absorbers, and 
countercurrent gas-liquid contacting applications. Easily 
installed in columns 12 in. 1.D. or larger. 
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Expert Handling of 


Every Process Filtration 
Joh Offered by Eimco 


illustrated here are some of the various types of 
continuous vacuum and pressure filters designed and 


built by Eimco Engineers. 


From the smallest pilot plant filter station to the 
largest full production plant size filter, Eimco makes all 
types. We are prepared to test your product and recom- 
mend the model best suited to do your job and work 
efficiently in your flow sheet. 


If yours is a simple dewatering job or a complicated 
selective hot acid separation process there is an Eimco 
filter that will do the job better, cheaper and faster. 


Let engineers, with the experience of Eimco design 
and operating men behind them, help solve your filtra- 
tion problems. Write today. 


Ads 
THE EIMCO CORPORATION 


The Worlds Leeding Menutecturer of Vecuum Filtration Equipment 
EXECUTIVE OFFICES AND — SALT LAKE CITY 10. U S$ A 


BRANCH SALES AND SERVICE OFFICES: 
(NEW YORK 51.52 SOUTH STREET + CHICAGO 3319 SOUTH WALLACE STREET | 
BIRMINGHAM ALA 3140 FAYETTE AVE + OULUTH MINN 216 € SUPERIOR ST 
PASO. TEXAS MILLS BULOING . BERKELEY. CALIF. 637 CEDAR STREET 
mame, LONDON W. 1. ENGLAND. 190 PICCADNLY 


{ IN FRANCE SOCIETE EMCO, PARIS, FRANCE 
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Titles of sessions and their chairmen are: 


CARBONIZATION, 

R. S. RHODES, asst. mgr., prod. dept., Koppers 

Co., Inc., Pittsburgh, Pa. 

DISTILLATION, 

D. E. HOLCOMB, dean of eng., Texas Techno- 

logical College, Lubbock, Tex. 

DRYING, 

L. E. STOUT, dean of eng. school, Washington 

University, St. Louis, Mo. 

DUST AND MIST COLLECTION, 

C. E. LAPPLE, dept. of chem. eng., Ohio State 

University, Columbus, Ohio 

GENERAL SESSION, 

W. E. HESLER, Swenson Evaporator Co., Harvey, 

HEAT TRANSFER, 

D. L. KATZ, chairman of dept. of chem. and 

met. eng., University of Michigan, Ann Arbor, 

Mich. 

INDUSTRIAL WASTE DISPOSAL, 

K. S. WATSON, coordinator, waste treatment, 

mfg. facilities service dept., General Electric Co., 

Schenectady, N. Y. 

PRODUCTIVITY IN CHEMICAL MANUFAC- 
TURING, 

HENRY E. WESSEL, Midwest Research Institute, 

Kansas City, Mo. 

USE OF ELECTRONIC COMPUTERS IN CHEM- 
ICAL ENGINEERING, 

JOHN R. BOWMAN, head, dept. of research in 

physical chemistry, Mellon Institute of Industrial 

Research, Pittsburgh, Pa. 


Student Program 
Monday, Dec. 14 
9:00 a.m. 


Student Papers 


SYMPOSIA 


1:30 p.m. Panel Discussion, ‘“Whot Career 


Will You Choose?’ 


(1) Graduate Work: Dr. D. F. 
Chamberlain, Washington Univer- 
sity. (2) Teaching: Prof. M. S. 
Peters, University of Illinois. (3) 
Research and Development: R. V. 
Newsome, Alumi Cc 


pany of 
America. (4) Design Engineer- 
ing: H. A. Lutz, Socony-Vacuum 
Oil Co. (5) Production: Dr. E. D. 
North, Mallinckrodt. (6) Sales: 
J. W. Starrett, Monsanto. 


EVENING 


Theatre Party, Mississippi River 
Showboat S.S. Goldenrod 


Tuesday, Dec. 15 


9:00 a.m Student Papers 


12:00 Noon Luncheon (Carl's Rio Room, 
$2.00). Speaker to be an- 
nounced later; topic, “Profes- 


sional Development.’’ 


1:30 p.m. Panel Discussion, “Transition from 
the Scholastic World to the In- 


dustrial World.” 


(1) How to Apply for a Job: L. T. 
Lanz, Monsanto. (2) Large Ver- 
sus Small Company Employment: 
C. R. Smith, Midwest Rubber Re- 
claiming Co. (3) Evaluating Job 
Offers: R. C. Sonneman, McDon- 
nell Aircraft Corp. (4) What to 
Expect on Your Job: A. T. Pick- 
ens, C. K. Williams & Co. (5) 
How You Will be Judged on 
Your Job: K. B. Bernhardt, Mon- 
santo. (6) How to Succeed on 
Your Job: J. J. Healy, Jr., Mon- 
santo. 


Plant Trips 


Typifying the wide spread of chem 
ical products made in the St. Louts 
area are the fifteen plants and labora 
tories for which eighteen trips have 
been scheduled by chairman Stanley L. 
Lopata, Carboline Co., and his Plant 
Trips Committee. Preregistration tor 
these trips is desirable due to attend 
ance limitations. 

Appropriate to the Plant Trips pro 
gram is one of the papers in the 
General Session of the Technical Pro 
gram: “Process Industries of the St. 


* Trips in M-Series are Monday afternoon; 
T-Series, Tuesday afternoon; W-Series, Wednes- 
day morning. 


Louis Area” by Lawrence FE. Stout, 
dean of school of engineering, Wash 
ington University, St. Louis. 


Anheuser-Busch, Inc., St. Louis, Trip M-1,* 80 


This is one of the largest breweries 
in the world. The trip includes the 
malt house and germinating drums, 
wort preparation, fermentation and 
bottling of finished beer. Other divi- 
sions to be shown are the Corn Products 
department, where dextrines are manu- 
factured, the Research Laboratories 
and the Food Cabinets department, 
where deep-freezes and cold storage 
cabinets are made, 
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Monsanto Chemical Co., John F. Queeny Plant, 
St. Louis, Trips M-2 and T-5, 80 men each. 


Covering 10 city blocks, this plant 
makes more than 200 different chem- 
icals, which include pharmaceuticals, 
intermediates, plasticizers, oil additives, 
germicides, insecticides, and herbicides. 
Visitors will be shown the interim 
manufacturing department, the organic 
pilot plant, the newly installed research 
library and Monsanto's latest film re 
lease “Decision for Chemistry.” 


Monsanto Chemical Co., William G. Krummrich 
Plant, Monsanto, I!l., Trips M-3 and 1-4, 75 
men each. 


Liquid sulfur dioxide, sulfuric acid 
and oleum are manufactured here 
electrolytic cells produce chlorine, hy 
drogen and caustic. I. vaporators, cen- 
tritugals, filters and a power plant will 
also he seen, 


National Lead Co., Titanium Division, St. Louis, 
Trip M-4, 80 men. 


This plant produces white calcium sul 
fate-titanium dioxide pigment. Large 
scale unit operations here are grinding, 
milling, filtration, calcination and ma 
terials handling. Several types of Cot 
trell precipitators will also be shown. 


Nooter Corp., St. Louis, Trip M-5, 80 men. 


Visitors will see in action all the steps 
mt custom fabrication of metal, alloy. 
and clad processing equipment. High- 
lights: projection of drawings onto 
materials, automatic flame-cutters and 
welders, heavy metal-forming equip 
ment, modern machine shop, X-ray 
inspection,  stress-relieving furnace 
and Metallurgical Research Labora 
tory. 


Procter & Gamble Mfg. Co., St. Louis, Trip M-6, 
40 men. 


A direct comparison can be niade here 
of the kettle process and the continuous 
hydrolysis process for manufacture of 
soap and glycerine. Other items of 
interest on the tour are towers where 
quick - dissolving - soap granules are 
made and packaging and package- 
handling machinery. 


Alumi Company of America, East St. Louis, 
Nl, Trip T-1, 75 men. 


Plant visitors will observe production 
operations, a thoroughly equipped mo- 
dern research laboratory and pilot-scale 
development facilities. The production 
plant uses a variety of unit operations 
and equipment to make alumina, sodium 
aluminate and fluorides. Great flexi- 


(Continued on page 70) 
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EVAPORATOR SCALE FORMATION 
REMOVED AS IT FORMS! 


a 


WRITE FOR 
FULL DETAILS 


Find out how you 


can avoid “down 


time” and eliminate 


scale removal costs. 


Frequent switching removes scale in 
General American Conkey Evaporators 
with Rosenblad Channel Switching System* 


The Rosenblad Switching System, as applied to Conkey Evaporators 


by General American, is a method whereby all surfaces subject 


to boiling liquor are periodically switched with surfaces in contact 


with the vapors and condensate. This periodic switching of the 


liquor and steam sides permits all fouled surfaces to be washed free 


of the newly forming scale by the dissolving and erosive action 


of the condensate, and also by temperature change. 


This system of evaporation continuously concentrates liquors that 


otherwise scale the surfaces. It permits operation at full capacity 


rating with uniform high cleanliness of the evaporator heating, 


and all liquor contact, surfaces. 


"Patented 


§=PROCESS EQUIPMENT DIVISION 


Division 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


Sales Office: 380 Madison Avenue, New York 17, N. Y. 
General Offices: 135 South LaSalle St., Chicago 90, Illinois 
Offices in all principal cities 


Other General American Equipment: 
Turbo-Mixers * Filters « Dewaterers « Towers « Tanks « Dryers « Pressure Vessels. 


Sole licensee in the U.S. A. for the A. B. Rosenblod Patented Evoporator Switching System 
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HOW THE HURON MILLING COMPANY obtains “a 
“Cleanliness and Economy” through 


(Continued from page 32) 


CHEMICAL ENGINEERING 
FACULTY LIST SOON 


The annua! list of members of chem- 
ical engineering faculties will be avail 
able in November, according to Kenneth 
A. Kobe. The 1953-54 list will contain, 
in addition to the faculties of all schools 
in the United States and Canada that 
grant degrees in chemical engineering, 
the names of placement officers at the 
various schools. These names were 
added at the request of company person- 
nel officers. 


STANDARDIZATION IS 
EXPLAINED BY A.S.A. 


A 24-page booklet entitled “Standards 
Are Your Business” has recently been 
issued by the American Standards Asso- 
ciation to emphasize the economic im- 
portance of standardization. 

The booklet briefly discusses the sav- 
ings effected by standardization, the 
work of the A.S.A., and some achieve- 
ments of the association. It is available 
without charge from the A.S.A., 70 East 
45 St.. New York 17, N. Y. 


EXECUTIVES TO DISCUSS 
COST CONTROL 


A symposium on Cost Controls in 
Operation at which industrial and en- 
gineering executives will discuss meth- 
ods of effective control of costs of re- 


search, construction, and production has 
STANDARD-HERSEY dryer does work of been announced by the program com- 


mittee for the Springfield, Mass., meet- 


16 pairs of hot rolls... ing of A.L.Ch.E. on May 16 to 19, 1954. 
Arranged by chairman D. A. Dahl 
In operation at the Huron Milling Company, Harbor strom of Northwestern Technological 
Beach, Michigan, one Standard-Hersey dryer proves Institute and cochairman Frank R. 
that it pays to Standard-ize. Here’s what they say about Puher of Sinclair Ressecch Labors- 
“Wh d b tories, the symposium is directed toward 
their otandard-Mersey dryer. at used to be a messy executive and management problems of 
operation is now fully up to high standards expected engineers. 
for a food product. Probably the largest saving is Daniel M. Sheehan, vice-president 
and co r Me Chemical 
effected in reducing the manpower to operate the pate ling 
4 c “ spec a 
equipment—whereas we used to have two men in a shift, this symposium; and M. T. Carpenter, 


a single operator now takes care of our rotary dryers.” administrative director of Standard Oil 
Co. (Indiana), Ralph E. DeSimone, 


Why not let the time-tested Standard-Hersey methods chairman of the board and president of 
solve your drying problems—and save you money 

ne., David Pierce, consultant (torm 
too? There _ more than 30 types of Standard-Hersey erly chief engineer of General Aniline 
dryers to suit any need —anywhere. & Film Corp.), and L. A. Seder, chief 
quality control engineer of Gillette 
Write today for the free 12 page bulletin Safety Razor Co., will discuss selec- 
on Standard-Hersey Dryers— Ne. 531. importance of type of operation (batch 


or continuous flow) and instrumenta- 
ryers tion, and application of statistics to 
STANDARD STEEL CORPORATION 


5055 Boyle Ave., Los Angeles 58 ye 7 E. 42nd St., New York 55 (More News on page 48) 


tion of projects, construction costs, 
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PYREX® GLASS processing 


Dollar for dollar, no other material has the all-around 
corrosion resistance of Pyrex brand glass No. 7740. Its 
exceptional mechanical and thermal properties make it 
ideal for coolers, condensers, fractionating columns, piping 
and other processing equipment. 

What's more, the chemical stability of this Pyrex glass 
provides positive protection against contamination of 
pharmaceutical and other sensitive products. Transparency 
permits you to keep an eye on processes—spot defects at a 
glance. Easy cleaning, another important advantage, re- 
sults from the hard, smooth surface of glass. 

These are only some of the more important reasons why 
Pyrex brand glass pipe, cascade coolers, fractionating col- 
umns and other processing equipment pay for themselves 
many times over. It will pay you to check with Corning. 


Pyrex’ Cascade Coolers give you two 
important advantages 


The over-all corrosion resistance of PyREXx brand cas- 
cade coolers offers you two distinct advantages. First, it 
prevents chemical attack inside the tubes—thus increas- 
ing service life. Second, it permits the use of low-cost 
river or sea water as a coolant. 

Low in first cost per BTU transferred, cascade coolers 
add further economy because the hard, smooth surface 
of glass limits scale build-up, reduces fouling. 

Highly versatile, they can be mounted on floor, wall, 
or ceiling to conserve space. Shipped complete, a multi- 
tube unit can be quickly assembled by your own men. 

For heat transfer nomographs, tables and description 
of Pyrex cascade coolers, send for Bulletin PE-8. 


Coming meant research 


Vol. 49, No. 10 


Acids can’t eat away your 
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equipment 


Good throughput with Pyrex" Columns 


You get unusual advantages in solving fractionating and 
absorption problems with Pyrex brand glass fraction- 
ating columns. Corrosion resistance assures long service 


life, low replacement costs. Transparency permits you 
to observe flow and performance at any stage. Exception- 
al physical and thermal durability minimize breakage 
hazards. 

Available in 4” and 6” sizes with any number of 
plates, PYREX fractionating columns have a throughput 
of 20 to 25 gallons per hour. Gas and liquid samples 
may be taken at any time without disturbing operation. 

Get full information on PyREX fractionating columns 
and standard packed columns by sending for Data Sheets. 


Corning Glass Works 
Dept. EP-10, Corning, N. Y. 


Please send me: 
[ ] Bulletin PE-8, PYREX brand Cascade Coolers. 
|} Dato Sheets for PYREX brand Fractionating and Packed Columns. 


Nome 

Title 

Compony 

Address 

State 


City Zone 
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Newark 


2 


Newark Metallic Filter Cloth 
does stop solids — the wedge- 
shaped openings allow only the 
filtrate to pass through. And, 
Newark Cloth is reversible, both 
sides being identical. Newark 
Metallic Filter Cloth is woven 

resem firmly and uniformly without 
loose wires, guaranteeing good 
filtration all over. 


Newark Metallic Filter Cloth is 
available in a variety of weaves 


— 
— 


in all malleable metals, and is 
ae adaptable to practically all 

Enlorged iti 
uel a types of filters. When writing, 
please give us details on your 


process. 


Send for our NEW Catalog E. 


ewark 
Gloth 


or 
ACCURACY re) PA NY 
351 VERONA AVENUE * NEWARK 4, NEW JERSEY 
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(Continued from page 46) 


ZIRCONIUM STRIP NOW 
PRIVATELY PRODUCED 


High-purity zirconium strip and other 
shapes for atomic energy applications 
have been announced by Allegheny Lud- 
lum Steel Corp. The sponge used by the 
company is purified by a process devel 
oped at the Oak Ridge Laboratories to 
remove the contaminating element haf- 
nium present in normal zirconium. The 
small amounts of hafnium limit the 
usefulness of zirconium for atomic 
reactors. 

The principal problem in melting zir- 
conium, according to Allegheny Lud- 
lum, is the maintenance of the high 
purity of the sponge, which requires 
special furnace equipment. Processing 
from the ingot stage, however, is being 
accomplished on the company’s regular 
mill equipment. Ingots are shaped in 
presses or hammers. Hot rolling is done 
on a 2-high continuous strip mill, and 
most of the cold rolling utilizes a 4-high 
reversing strip mill. During hot work 
zirconium requires lower temperatures 
than does stainless steel. ‘Temperatures 
range from 1,500° to 1,800° F. 

Experimental work producing 
zirconium tubes on a_ hot extrusion 
press suggest, according to company 


| engineers, that such production would 


be practical. 
Current maximum capacity for zir- 
conium melting is about 120,000 Ib. 


| annually, most of which has been com 


mitted. 
Present production is the result of 


| more than two years of research by 


Allegheny Ludlum, in cooperation with 
the A.E.C. Bettis Plant, Pittsburgh, 
Pa., operated by Westinghouse Electric 
Corp. The sponge used by the company 
has been produced by the U. S. Bureau 
of Mines, but Carborundum Metals 
Corp. is reported to be constructing a 


| sponge-producing plant that will make 


privately produced raw material avail 


| able. 


REFINERY SCHEDULED 
FOR EAST COAST 


Pan American Refining Corp. has 
announced the location of its new East 
Coast refinery in Goodwin Neck, York 
County, Va. Construction will be started 
within six months, and the plant is 
scheduled for completion in 1955. In- 
tial capacity will be 25,000 bbl. a day. 

The American Oil Co., of which Pan 
American is an affiliate, will distribute 
all refinery products. 


(More News on page 54) 
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Meet the man you can call 
with confidence to solve your 
thermal insulation problems 


To insulate outdoor tanks with complete weather protection, these skilled 
J-M applicators follow a specification developed by Johns-Manville. Here 
they are fastening J-M Asbestocite* Sheets over J-M Zerolite* Insulation 
J-M 85°% Magnesia Insulation is also widely used for this type of equipment 


He is your J-M Insulation Contractor...the man with 


the world’s most complete insulation engineering service 


“Insulation is no better than the man 
who applies it.” Today, with rising 
fuel and maintenance costs, it is espe- 
cially important to place your insula- 
tion job in skilled hands. The scientific 
application of J-M quality insulations 
by J-M Insulation Contractors will as- 
sure you of the maximum return on 
your insulation investment for years 
to come. Moreover, you get undivided 
responsibility for a// your insulation 
requirements. 


1. You get dependable materials — 
Johns-Manville manufactures a com- 
plete line of insulations for every serv- 
ice temperature from minus 400F to 
plus 3000F. From them your J-M Insu- 


lation Contractor can select the right 
insulation for the most dependable 
service on your job. To develop new 
and improved insulation materials 
Johns-Manville maintains the J-M Re- 
search Center —largest laboratory of 
its kind in the world. 


2. You get dependable engineering 
—For 95 years Johns-Manville has 
been accumulating insulation engi- 
neering experience. J-M Insulation 
Engineers are called upon to solve in- 
sulation problems of every type and 
magnitude, in every industry. Since 
your J-M Insulation Contractor works 
closely with J-M Insulation Engineers, 
he brings to every job a high degree of 


training, skill and experience. 

3. You get dependable application 
—Johns-Manville has set up a nation- 
wide organization of I-M Insulation 
Contractors to serve you. These Con- 
tractors maintain staffs of insulation 
engineers as well as skilled mechanics 
thoroughly trained in J-M's proved ap- 
plication methods. You can have abso- 
lute confidence in their ability to apply 
J-M insulations correctly for trouble- 
free performance. 

For further information and the 
name of your J-M Insulation Contrac- 
tor, write Johns-Manville, Box 60, 


New York 16, N. Y. In Canada, 
JM| 


199 Bay St., Toronto 1, Ont. 


*Reg. U.S. Pat. Of 


-Johns-Manville Firsrin INSULATION 


MATERIALS - 
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PERFORMANCE CLAIMS a «.. proof—especially when the subject is 


anodes. You can make anodes with every one of the features you know they should have—controlled density, 
uniform structure, high purity and mechanical strength, low electrical resistance. And you can be pretty sure 
they'll give top performance. But to be really sure you have to get on-the-job proof. At IGE that's just what we 
do. Before we put any new-type anode into production, we first put it into actual operation in the process for 
which it has been designed. We test it, we study it, we learn everything there is to know about its behavior. 
That way, when we make our performance claims, we're not just guessing. We know IGE anodes produce purer 


products. We know they last longer. And we know we can say to you, with perfect confidence: Specify IGE! 


INTERNATIONAL GRAPHITE ELECTRODE DIVISION 


SPEER CARBON COMPANY 


St. Marys, Pennsylvania 
Other Divisions: Jeffers Electronics + Speer Resistor 
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A big valve doesn’t necessarily mean a hard valve to operate. If it’s a Nordstrom, even 
the biggest valve, in the highest line pressures, can be operated easily by one man, 


without extension rods or sledges. There are two reasons 


First ... the Nordstrom pattern of internal lubrication a practical application 
of Pascal's law which jacks the plug hydraulically to turn with low torque. 
Second .. . the Nordstrom design, in which a plug revolves within the line of 


flow on a film of lubricant, instead of a disk which must be forcibly wedged 


into the seat against the line of flow. 


And, of course, all Nordstrom Valves ROC KWELL 
are lubricant sealed. N d t V | 
Rockwell Manufacturing Company, 


Pittsburgh 8, Pa. lubricant Sealed tor Positive Shut Off 


Another Product 


\ 
BIG VALVE, EFFORT... 
VE, LITTLE EFFORT... 
GBRICATEL 
3 


Your automobile will operate without lubrication. 
So will most valves, including 


NORDSTROM VALVES 


But you lubricate your car to reduce wear—to make it easy for metal parts 
to move against each other without galling to add to your car’s life 
py and cut down on expensive repairs and replacement. 


A Nordstrom valve, like your car, is built with an internal 
lubrication system. A Nordstrom valve 


PLUS PERIODIC LUBRICATION 


is long run economy. It adds up to less wear, longer trouble-free life, and no 
hazardous jamming open or shut. And the same lubricant that protects 

| seating surfaces forms a sealing film around the ports so that even 

| hard-to-hold gases and liquids that seep through ordinary valves are 

tightly checked by Nordstroms. 


It pays off, too, to use genuine Rockwell 
lubricants. Remember, a good product — Nordstrom valves- 
properly maintained —-with Rockwell lubricants 


EQUALS LOWER OPERATING 
COSTS 


There are two 
ways to prove this: 


ask a long-time 
Nordstrom user, 
or better yet, 
try it yourself. 
Rockwell 
Manufacturing 
Company, 
Pittsburgh 8, Pa. 


\ 


Another Quality ROCKWELL Product 


4 
~ 
@ 
Nordstrom Valves 


SARGENT’S DRYING RESEARCH LABORATORY. 


— 


DRYING PROBLEMS? 


JUST WRAP "EM UP AND SEND ‘EM TOUS... 


STRAIGHT ACROSS THE BOARD 


FROM ABRASIVES TO YARNS. 


HERE ARE A FEW OF THE PRODUCTS WE'VE TESTED 
IN OUR LABORATORY FOR MORE EFFICIENT DRYING 


Abrasives 

Apples 

Asbestos 

Bast Fibres 

Beans 

Bristles 

Building Materials 
Calcium Carbonate 
Chemicals 

Clay Fillers for paper 
Cloth 

Coatings 

Coconut 

Cotton 

Dehydrated Foods 
Explosives 
Fertilizers 
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Flock 

Flour 

Fruits 

Grain (cooling) 

Hides 

Hair 

Kaolin 

Latex 

Macaroni 

Metal Parts and 
Products 

Nuts 

Paints 

Paper & Paper Products 

Peanuts 

Peat Moss 

Pigments 


Just write us. 


May We Help You. . . 


determine the one best commercially 
practical way to dry YOUR product 
easier, quicker, more economically? 


Plastics raw stock 

Printing Inks 

Proteins 

Pulp 

Rice 

Rubber—reclaimed, 
synthetic and natural 

Salt 

Sawdust 

Sisal 

Synthetic Fibres 

Textiles—raw and dyed 
stock 

Tobacco 

Waste Sludges 

Wool 

Yarns 


A. 


REPRESENTATIVES: F. E. 


CAN YOU ANSWER THESE 
QUESTIONS ABOUT THE DRYING 
OF YOUR PRODUCT? 


Is it dried uniformly, to exact degree desired — 
under complete control at every stage? 

Are you getting maximum rate of production 
possible, yet maintaining automatically con- 
trolled, unvarying quality? 

Is your drying process the most efficient pos- 
sible — quality-wise, AND cost-wise? No steam 
or hot dry air waste? Using minimum floor 
area? And optimum bed depth? Would alter- 
nate airflow direction tones help, or radiant 
heat boosters, or varying temperature tones? 
Is your product correctly pre-conditioned for 
most efficient drying? Have you ever compared 
drying curves to be certain that every important 
variable is controlled within pre-set limits — 
automaticaily? 

Which type of dryer is best for your product — 
tunnel, pole, tray, truck, or special design? 


SARGENT can give you the answers to these and 
many other questions, For better, less costly, more 
efficient operation of drying processes, write us. 


C.G.SARGENT’S SONS CORP. 


Massachusetts 


WASSON, 519 Murdock Rd., 
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ELD, 215 Grove Ave., Cincinnati 15, Ohio 
W. 5. ANDERSON, Careline Speciclty Co., Charlotte, N.C 
HUGH WILLIAMS & CO., 47 Colborne $t., Torente 1, 
Page 53 


NEWS 


(Continued from page 48) 


PLASTIC-METAL 
LAMINATE ANNOUNCED 


A method of laminating vinyl plastic 
and sheet steel or aluminum has been de- 
veloped by the Naugatuck Chemical Di- 
vision of United States Rubber Co., ac- 
cording to a company announcement. 
The laminate is made by rolling rigid 
or semirigid vinyl sheet onto heated ad- 
hesive-coated metal sheets or strips. 
After the rolling, adhesion is effected 
under heat lamps or other heat source. 
To date, cold-rolled steel, hot-rolled 
pickled steels, and aluminum, from 18 to 
34 gauge, have been used to make the 
laminate, the company reports, and the 
vinyl films used have ranged from 0.002 
to 0,02 in, in thickness. Company tests 
report an adhesion in excess of 40 Ib./ 
sq.in, 

The structural strength of metal is 
thus combined with the corrosion and 
abrasion resistance of plastic, the com- 
pany emphasizes, to make weatherproof 
building siding, chemical piping and 
ducts, and containers for chemicals, 


PYRIDINE PRODUCTION 
AUGMENTED BY 2 FIRMS 


Production of pyridine has recently 
been announced by two companies. U. S. 
Steel is producing sizable quantities 
from coal during the high-temperature 
coking process at its Clairton, Pa., plant, 
and a new synthetic-pyridine plant is 
scheduled to be opened in November at 
Marinette, Wis., by Ansul Chemical Co. 
This latter plant will produce refined 
pyridine, alpha picoline, gamma picoline, 
2-methyl 5-ethyl pyridine, beta collidine, 
and a mixture of alkyl pyridine high 
boilers. 


JOINTLY OWNED 
PLANT OPENED IN CANADA 


A new plant was opened last month 
at Varennes, Quebec, by St. Maurice 
Chemicals, Ltd., which is jointly owned 
by Heyden Chemical Corp., New York, 
and Shawinigan Chemicals, Ltd., Mon- 
treal. The new plant has an annual ca- 
pacity of 30,000,000 Ib. of formaldehyde 
and 3,000,000 Ib. of pentaerythritol, the 
first to be produced in tonnage commer- 
cial quantities in Canada, according to 
the company. 

Among the industrial and government 
leaders of both Canada and the United 
States who attended the opening cere- 
mony were the Hon. Maurice L. Du- 
plessis, prime minister of Quebec Prov- 
ince, and the Hon. Douglas Stuart, U. S. 
Ambassador to Canada. 
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KIRKBRIDE NOMINATED 
A.|.Ch.E. PRES.—DODGE 
STEVENSON, V.P. CHOICES 


C. G. Kirkbride, president of Houdry 
Process Corp. and incumbent vice-presi- 
dent of the A.I.Ch.E., was the sole nom- 
inee for the office of president for 1954 
designated by the members of the Insti- 
tute during the recent nomination bal- 
loting. 

However for the office of vice-presi- 
dent, traditionally the stepping stone to 
the A.L.Ch.E. presidency, six men were 
nominated. Members gave the required 
forty-eight nominating votes to B. F. 
Dodge, professor of chemical engineer- 
ing, Yale University; E. P. Stevenson, 
president of Arthur D. Little, Inc.; C. 
G. Kirkbride; G. G. Brown, dean, Col- 
lege of Engineering, University of 
Michigan; G. E. Holbrook, assistant di- 
rector, development department, FE. I. 
du Pont de Nemours & Co., Inc.; and 
Rk. C. Gunness, assistant general man- 
ager, manufacturing department, Stan- 
dard Oil Co. (Indiana). 

The race narrowed down to Dodge 
and Stevenson, however, when the four 
other nominees declined to run. Kirk- 
bride had also been nominated for presi- 
dent; G. G. Brown was nominated as 
treasurer, the position he holds at pre- 
sent; Holbrook preferred to run for his 
second term as director; and R. C. Gun- 
ness, recently elected a director of the 
Standard Oil Co. (Indiana), regretted 
that “after careful consideration it will 
be impossible for me to accept.” 

Nominated for treasurer, as men- 
tioned above, was G. G. Brown, and the 
sole nominee for secretary was 5S. L. 
Tyler. 

For the four directorships to be filled, 
however, nineteen men were selected, 
but because of constitutional provisos, 

only the first twelve names will appear 
on the ballot. Biographical sketches of 
all nominees for director appeared in 
the August issue; in order of the vote 
received, the first twelve are as follows: 
R. P. Dinsmore, G. E. Holbrook, L. P. 
Scoville, W. A. Cunningham, C. C. 
Monrad, M. C. Molstad, D. L. Katz, R. 
N. Shreve, W. L. Faith, L. B. Smith, 
J. J. Healy, Jr., C. E. Ford. 


IMPROVED CELLULOSE 
FOR RAYON PRODUCTS 


A new high-alpha cellulose made by 
the sulfite process was introduced re- 
cently by Rayonier Corp. Coupled with 
new high-stretch spinning techniques, 


the product, according to Dr. Arthur N. 
Parrett, vice-president in charge of re- 
search, will possess high fatigue life, 
high strength, toughness, and resistance 
to laundering. It is designed primarily 
for use in high-tenacity tire cord and 
rayon yarn for textiles. 


Cross-section magnification of textile rayon and 
tire cord shows ot upper left thin-skin conven- 
tional textile rayon; at upper right medium-skin 
conventional tire cord; below the new all-skin, 
high-stretch tire cord manufactured from Rayon- 
ier’s new chemical cellulose. 


The new cellulose is composed of mo- 
lecular chains of uniform length that in 
high-stretch spinning are drawn into a 
highly oriented, crystalline structure 
throughout the entire filament cross sec- 
tion, company researchers explained. 
Conventional rayons have this effect, 
they added, only as an outer skin of the 
filaments, the core being unoriented, 
amorphous cellulose; Rayoncord-X, it 
was stated, is an “all-skin” filament. 

During the  high-stretch spinning 
process the new cellulose, Rayonier em- 
phasized, makes it possible to stretch the 
filament 1000, or more. Untwisted rayon 
yarns and staple fiber made from the 
new cellulose by high-stretch spinning 
processes, it was claimed, possess 
strengths up to 4 grams per denier, in 
contrast to 2 grams for ordinary fibers. 
Also, the new fibers are reported to 
swell about 75% less when wet. 

Rayonier officials stated that despite 
the rapid growth of the sulfate process 
of wood cellulose production in recent 
years, the sulfite process had been se- 
lected for production of the new fila- 
ment. Their nearly completed mill at 
Jesup, Ga., however, will employ a new 
process closely akin to the sulfate, or 
Kraft, process. 


(More News on page 66) 
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Reduce 


in your plant with 


BROWN FINTUBE Sectioual HEAT EXCHANGERS 


@ When you install different types and sizes of specially 
designed, single purpose, heat exchangers in your plant, you have to buy 
separate sets of parts for each exchanger. These parts are costly; and there 
is the added expense of handling, and storing them. 

Unlike these fixed, specially built units, Brown Fintube heat exchangers 
consist of Standard Sections connected in proper series and parallel 
arrangement. Thus, only a small supply of parts are needed. 

In the plant shown above, for example — different groups of Brown 
Fintube Standard Sections are handling 6 different heat transferring duties 
—and just a small handful of inexpensive parts serves as adequate stores 
for all 44 sections. In some cases Brown Fintube Standard Sections 
have reduced parts inventories by as much as 82%. 

Reducing inventories is only one of Brown Fintube’s many ad- 


vantages. Our Bulletin 512 gives full details. Send for a copy. We can really 
save you money! 


ROWN 


INTUBE 
Elyria, Ohio 


NEW YORK * BOSTON * PHILADELPHIA © PITTSBURGH * BUFFALO * CLEVELAND © CINCINNATI * DETROIT * CHICAGO © ST. PAUL © ST. LOUIS © KANSAS CITY 
MEMPHIS © BIRMINGHAM * NEW ORLEANS * SHREVEPORT © TULSA * HOUSTON * DALLAS * DENVER © LOS ANGELES * SAN FRANCISCO + and ST. THOMAS, ONT. 
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Secthone! Heat Terk Suchen Hooters 
Exchengers 
Line Heaters 
Process Heaters Tonk Meeters Fired Indirect Heaters 


Liberal Arts 


Some group within the Institute 
came forth with the premise that chemi 
cal engineers should spend more time 
on liberal arts courses in academic work. 
(Question 14 was designed to find out 
what the membership thought about 
this. Thinking that some of the older 
Active members in a reminiscent mood 
might have fathered this thought (to 
ward which the writers are quite sym 
pathetic), the correlation presented in 
Fable 5 was calculated. Here the 
replies are grouped according to grade 
of membership—72.1% of the Active 
members, 68.96 of the Associate mem 
bers and 67.0¢% of the Junior members 
are included, a total of 5,308 members. 
It the sponsoring group is to be found, 
further search must be made, for the 
data show clearly that all grades of 
membership issued a resounding no to 


Question 14 
Do you wish that you had spent more time 
on Liberal Arts, ete. 


a. Yes 

b. No 

c. Undecided 
Total Replies 


Question 22 
Are you a registered professional engineer? 


a. Yes, in one state only 

b. Yes, in more than one state 
c. No 

Total replies 


Question No. 11 
How active are you in your local section as 
measured by your average yearly attend- 
ance? 


a. Have attended none of the meetings. 
b. Have attended about 25% of meetings. 
c. Have attended about 50% of meetings. 
d. Have attended about 75% of meetings. 
e. Have attended all meetings. 

Totol replies 
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Note: Opinion is far more fundamental than any difference in membership grade reflects. 


Another Study of A. 1. Ch.E. Questionnaire 
Some Correlations on Diverse Subjects 


Lloyd B. Smith, J. A. Polack, and G. E. Montes 


This analysis is a continuation of the article on the Questionnaire in the 
September issue. Other studies by the Committee will appear in subsequent issues. 


this question, the welfare of posterity 
notwithstanding, 


Registered Engineers 


The story of the registered profes 
sional engineer is fairly well told in the 
answers to questions 22 through 25. A 
slight refinement to the replies to Ques- 
tion 22, “Are you a registered profes- 
sional engineer?” is given in Table 6 
where the responses are classified by 
grade of membership. Of the 7,719 
replies thus classified, about 306% were 
registered professional engineers and 


Table 5.—Should More Time be Spent on Liberal Arts Courses 


(QUESTION 14 VS. 21) 


in Academic Work? 


about 70% were not; among those who 
were registered were 1,435 Active mem- 
bers, or 48.7% of the Active members, 
170 Associate members, or 37.1% of 
this group, and 739 Junior members, 
or only 17.1%, Thus it seems that the 
older members find registration more 
desirable or necessary than the younger 
group. 

Question 23, on the other hand, asked 
members if registration were impor- 
tant in their work. Only 577 said yes 
compared with the approximately 2,300 


that were registered. 


Replies from 
Active Members 


Replies from 
Assoc. Members 


Number Per cent Number Per cent 


670 22.9 114 25.0 
2107 72.1 314 68.9 
145 5.0 28 6.1 
2922 100.0 456 100.0 


Table 6.—Distribution of Registered Professicnal Engineers by Grade of Membership 


QUESTION 21 VS. 22 


Replies from Replies from 
Active Members Assoc. Members 
Number Per cent Number Per cent 


1245 42.3 152 33.2 

190 6.4 18 3.9 
1511 51.3 288 62.9 
2946 100.0 458 100.0 


Table 7.—Attendance at Local Section Meetings 


(QUESTION 21 VS. 11) 


Replies from 
Active Members 
Number Per cent Number Per cent 


Replies from 
Assoc. Members 


814 30.7 167 42.3 
882 33.2 108 27.3 
400 15.1 61 15.4 
435 16.4 48 12.2 
123 4.6 W 2.8 
2654 100.0 395 100.0 
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Replies from Total 
Junior Members Replies 
Number Per cent Number Per cent 


1178 27.4 1962 25.6 
2887 67.0 5308 69.0 

241 5.6 414 5.4 
4306 100.0 7684 100.0 


Replies from Total 
Junior Members Revlies 
Number Per cent Number Per cent 


688 15.9 2085 27.1 
51 1.2 259 3.3 
3576 82.9 5375 69.6 
4315 100.0 7719 100.0 


Replies from Total 
Junior Members Replies 
Number Per cent Number Per cent 


1427 37.0 2408 34.8 
1163 30.1 2153 31.1 
528 13.7 989 14.3 
576 14.9 1059 15.4 
167 43 301 44 
3861 100.0 6910 100.0 
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Per cent (B) 


Number Per cent Number Per cent (A) 
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Per cent Number 
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Less than 10 
Per cent 


Number 


Director 


an Officer, 


or Committee Member in the National A.I.Ch.E.? 


Question 29. Are you, or have you been, 
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Total number replying 


3044 


100.0(A) 


100.0(A) 


on Officer or Com- 


Question 30--Are you, or have you been, 


mittee Member in your Local Section? 


100.0/A) 


7578 


100.0(A) 


Total number replying 


Question 24 asked if the members 
said no to Question 22, then were they 
registered as an “Engineer in Train- 
ing,” but only 8% said yes, 
asked if the 
registered 


Question 25 members 


they 
become About 
1,440, replied yes to this 
Added to the 306 


registered, 


were not now, did 
expect to 


Of 


registered. 
question. who are 
now future 


might be around 57%. 


registration 


Local Sections 


Question 10° stated, “If vou are a 
member of a local section, please check.” 
It is gratifving that out of the 7,802 
4,953 did so. While this is 
of those who had interest enough 
to mail back the completed question 


replying, 
63.56 


naire, one wonders why the remaining 


36.5% are not members of local sec- 
tions. In the subsequent parts of Ques 
tion 10, the 2,692 


some 


responses give ts 


clues. 


33.8% of the non-members claimed commut- 
ing difficulties as a reason. One suspects that 
some may use this situation as an alibi 
rather than a reason. It is hard to reconcile 
the comment from New York City that too 
much time is required to cross town to at- 
tend a meeting with the fact that frequently 
four to six members drive 80 miles or more 
to a meeting of the Baton Rouge Section 
and drive back home the some night. Never 
theless it is real zed that for many, commut 
ing difficulties are real problems 

93% have not been asked to join. This 
situation surely can be remedied. 

8.6% frankly are not interested, which is 
their privilege. Perhaps they could become 
interested, regardless 

& e. It is a comfort to know thot the onswers 
to these two questions “Section dues are too 
high” and “Don't like the group” average 
less than 1%. 

19.4% did not know of a near-by local sec- 
tion. Several written-in comments also men- 
tioned this lack. In lieu of local sections in 
sparsely populated (with Ch.E.'s) areas, it is 
suggested that consideration be given to 
state organizations with say, quarterly meet 
ings. 

6.7% had no opinion. No comment! 

20.6% had some other reason. The written- 
in comments showed these to be quite varied, 
the area,” “move 


for example, “new in 


cround a lot,’ and “wife expecting a baby.” 


Question 11 was directed to the local 
section members and asked, “lHlow active 
are vou im your section vearly 7” The 
answers to this question were separated 
according to grade of membership, and 
are presented in Table 7 
three sets of 
lable 7 
attendance at more than half the meet 
about 34% 


There are significant 


figures in The average yearly 


ings Was 
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4.4% attended all meetings. 
15.4% attended 75% of meetings. 


14.3% attended 50% of meetings. 
34.1% average attendance at more than half 
the meetings 


attended 


meetings there 


those who 
half the 


much, if 


Among more 


than was not 


any, difference by grade of 


membership, 1.4 


Attendance of Active members at more 
halt the 30.16 
Attendance of 


than meetings was 


Associate members at 


more than halt the 
30.46 
Attendance of Junior 


than half the 


meetings Was 
members at more 
meetings was 32.9 


Those who attended none of the 


meetings, were, im the order of thei 


mactivits 


42.36) of 
37.0 of Junior members 
of Active 


Associate members 


members 


asked, “Why do vou 
attend the local section meetings?” Of 


the 5,242 


Question 12 


respotises received, 


32.6% enjoyed personal contacts and 
social gatherings 

problems 


were interested in technical 


felt it helped professionally 


Thus twice as many felt personal con 
tacts and professional development were 
those ittended 


because of the technical problems dis 


important as did who 
cussed 

Question 13 asked, “Why do you miss 
Local Section Meetings Replies were 
not particularly productive, as 4506 had 
“other 


“not mterested in the program 


engagements” and 22°) were 
Questions 29 and 30 were intended to 
interest) and 
at both ue 
level by the number 


measure thy activity. of 
national and local 


that had 


members 
erved im 
Phese tabulated im Table 


ind are correlated the 


results are 


companies 

At the 
had held served on a 
mittee, but 7.166 or 93.777 had not 


striking close 


represe nted 


national level 486 or 6.39 


othice of com 
Particularly 
ment with thi 


turee 
average OF Compante of 
all S17¢s 

At the local 


or on committee wa 


level the participation 
three 
high is the 


iidicate, the 


one-half times as 


national figures 


iverayve 
being + participation and 77.20 


holder or 


The agreement with this 


non-othee non-committee 
members, 
average among companies of all sizes 
close as at the 
level, and the smaller 


apparently did not 


Was good but not as 
national com- 
panies show up 


quite as well in this comparison 
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The single cost of 
TANTALUM 
is much less than 


the many costs of 


CORROSION... 


on costs do not end simply with equip- 


ment replacement. A complete analysis 
must include shutdowns, lost production time, 
product contamination and spoilage, fume dam- 
age to buildings and associated equipment, pos- 
sible injury to personnel. Compare this myriad of 
costs against the single outlay for Tantalum, the 
metal that is not merely “corrosion-resisting”’, but 
acid-proof. 


If you are processing hot or strong acid solu- 
tions, if you are making a pure product in which 
equipment contamination or side reactions can- 
not be tolerated, tantalum is probably the most 
economical material of construction you can use. 
Experienced Fansteel engineers are at your serv- 
ice for consultation at no cost to you. 

Use Tantalum with economy for most acid solutions 


and corrosive gases or vapors except HF, 
alkalis, or substances containing free SO. 


Ask for a copy of our free booklet 
** Acid-Proof Tantalum Equipment for Chemical Operations” 


FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, U.S.A, 
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Candidates for Member- 
ship in A.1.Ch.E. 


The following is a list of candidates for the 
designated grades of membership in A.1.Ch.E. 
recommended for election by the Committee on 
Admissions. 


These names are listed in accordance with 
Article Ill, Section 7, of the Constitution. 


Objections to the election of any of these can- 
didates from Active Members will receive careful 
consideration if received before November 15, 


1953, at the Office of the Secretary, American 
Institute of Chemical Engineers, 120 East 41st 
Street, New York 17, N. Y. 


Applicants for Active Membership 


Abernathy, Fred R., Kingsport, Tenn. 
Addoms, James N., Arlington, Mass. 
Antonio, Adolph L., Azusa, Calif. 
Batey, Robert W., Minneapolis, Minn. 
Bell, R. S., Richland, Wash. 

Benner, Roland G., Summit, N. J. 
Cobb, John E., Jr., Victoria, Tex. 

Day, Henry C., Plainfield, N. J. 

Eaton, H. Burton, Jr., Pennsgrove, N. J. 
Files, John T., Houston, Tex. 

Gammell, Don M., San Franciso, Calif. 
Haag, Chas. R., Cranford, N. J. 
Harper, John C., Los Angeles, Calif. 
Johnson, Hal G., Atherton, Calif. 
Koons, Russel D., Redondo Beach, Calif. 
Lantos, Peter R., Wilmington, Del. 
lippa, Shepherd, Shelton, Conn. 

Lyons, Fronk H., Memphis, Tenn. 
Manning, W. R., So. Charleston, W. Vo. 
Marsh, Sam, Cranston, R. 1. 

McKinney, John W., Wilmington, Del. 
Meinrath, August Herman, Cerpus Christi, Tex. 
Newburn, Floyd A., Arcadia, Calif. 
Park, John K., Ashton, R. 1. 

Rosen, Bernard H., Massapequa, N. Y. 
Sagenkohn, Malcolm L., Concord, Calif. 
Schleck, Richard C., Pittsburgh, Pa. 
Shaw, William E., Cincinnati, Ohio 
Shervem, Robert M., Richland, Wash. 
Thober, Herbert C., Toledo, Ohio 
Tsunoda, Kenneth, New York, N. Y. 


| Yelton, Everett B., Orange, Tex. 


Zimmerer, Robert |., So. Charleston, W. Va. 


Applicants for Associate 
Membership 


Donley, Edward, Emmaus, Pa. 
Koch, Edward J., Brevard, N. C. 


Applicants for Junior Membership 


Anderson, Ronald L., Baytown, Tex. 
Apkenas, V. P., Los Angeles, Colif. 

Beadle, Burton J., Lake Charles, La. 
Bernabei, Raymond R., Yonkers, N. Y. 

Berry, Charles A., Mamoroneck, N. Y. 

Blanc, Fernando E., Santiago de Cuba, Cuba 
Blanchard, Kenneth O., Wilmington, Del. 
Blum, Edmund D., Elgin, Ill. 
Bochinski, Julius, Ames, lowa 
Bush, Warren V., Montclair, N. J. 
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Problem: A Southeastern cement manufac- 
turer needed clay of a certain composition for his mix. 
A local deposit was available but silica content ran 
too high for direct use. Alternatives were — bring in 
clay of a suitable grade from a distance . . . or find an 
economical way to up-grade the local material. 


Solution: two 12° dia. DorrClones were in- 
stalled to classify the raw clay slip prepared from the 
local deposit. Required grades for the mix are pro- 
duced at savings averaging several hundred dollars 
per day on raw clay costs. 


Here’s another case where the unique classifica- 
tion features of the DorrClone have paid off in a wet 
processing flowsheet. At this plant, three types of 
cement are produced . . . each requiring a specific 


On Raw Clay For Cement Manufacturer... 


DorrClone is o trademark of The Dorr Company, Reg. U.S. Pat. Off. 


“Bitter tools TODAY te mect tomorrows demand. 


WORLD -WIDE RESEARCH 


“Several Hundred 
Dollars Per Day 


grade of clay in the raw mix. Two 12” dia. DorrClones 
degrit high silicon content clay from a local deposit 
to supply all three grades. Equally important, silica 
is reduced to the desired amount in each grade simply 
by varying the feed pressure to the units. No addi- 
tional dilution is necessary and the excess silica is re- 
moved as a low moisture underflow product. 


If you have a desliming or degritting problem, 
there’s a good chance that the DorrClone, with its 
high-capacity-for-size and ability to handle flocculent 
or heavy pulps, will be the solution. If you'd like 
further information on this flexible new unit, write 
for Bulletin No. 2500 to The Dorr Company, Stam- 
ford, Conn. 


* ENGINEERING + EQUIPMENT 


THE DORR COMPANY + ENGINEERS + STAMFORD, CONN. 
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KNICHT- wARE 


Knight-Ware, a chemical stoneware, is 
resistant to all acids and alkalies, hot or 
cold, in any concentration*. It does not 
depend on surface resistance, but is 
physically tough and corrosion proof 
throughout its entire body. Knight-Ware 
is compounded of specially selected and 
processed clays by skilled craftsmen with 
years of experience in their highly spe- 
cialized trade. 


Whether the requirements call for 
standard or special types, Knight-Ware 
can be furnished at relatively low cost. 
Unlike other materials, special designs in 
Knight-Ware can be made _ without 
expensive special forms. Almost all 
Knight-Ware units are made in one piece 
with no joints or seams to come open. 
They require little or no maintenance, 
no paints or coatings need be used on 
them. Some Knight-Ware installations 
have been in constant use for over 40 
years. 


* Excepting hydrofluoric acid and hot caustics 


Drain Lines 
Kettles 

Jars 

Plug Cocks 
Pickling Rolls 
Fume Lines 
Sumps 

Sinks 

Berl Saddles 
Special Shapes 
Tanks 

Suction Filters 
Towers 


Raschig Rings 


Write for Bulletin No. 12-F Knight-Ware. When making inquiry, please 
specily type of equipment in which interested, as well as process and service 


conditions. 


aurice A. Knight 


What Makes Knight-Ware 
Last Longer In Corrosive Service? 


Fume Ducts 


710 Kelly Ave., Akron 6, Ohio 


_ Acid and Alkali-proof Chemical Equipment 
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Carvey, Robert M., East Alton, til. 
Choate, B. L., Houston, Tex. 
Clarke, James, Camden, S. C. 


| Coffey, Richard A., Jr., Springfield, Mass. 
| Davis, Robert L., Pennsville, N. J. 


Deprez, Andre C., Cambridge, Mass. 
Diehr, J. Allan, Hazel Park, Mich. 
Dornheim, Fred R., Harvey, Ill. 

Dwyer, Francis G., Philadelphia, Pa. 
Feeney, H. Donald, Wilmington, Del. 
Forester, George A., Freeport, Tex. 
Forstall, Lloyd M., Whiting, Ind. 

Foster, Charles F., So. Charleston, W. Va. 
Freebersyser, George J., St. Louis, Mo. 
Froehlich, Leonhard H., Loganville, Wisc. 
Gilbert, Thomas E., Schenectady, N. Y. 
Gorcyca, Edwin F., Texas City, Tex. 
Grover, John H., Alexandria, Va. 

Hardt, Alexander P., Berkeley, Calif. 
Harmon, Dale Lynn, Charleston, W. Va. 
Hartung, Donald E., Chicago, Ill. 


| Hein, E. David, Detroit, Mich. 


Hinkle, Barton L., Richmond, Va. 
Irwin, Howard W., Cumberland, Md. 
Kamenko, Gus C., East St. Louis, iil. 


| Krimbill, Harry W., Jr., Tulsa, Okla. 


Laegreid, Sigbjorn, Rochester, N. Y. 
Leoshko, George, Ann Arbor, Mich. 
Levine, Daniel M., Los Angeles, Calif. 
Lieberman, Jerry M., Brooklyn, N. Y. 
Lipuma, Charles R., Newark, N. J. 


| Makray, Tamas, Rio de Janeiro, Brazil 


Manspeaker, John R., Benton, Kans. 
McCarty, Richard H., Bronx, N. Y. 
McDonald, Fred, Baytown, Tex. 
McLaurin, A. J., Houston, Tex. 

Miller, C. Donald, Charleston, W. Vo. 
Mitchell, William J., Rochester, N. Y. 
Muraski, Frank T., Portsmouth, Ohio 
O'Connell, Gerald D., Hicksville, N. Y. 
Otstot, Roger Sherman, Roleigh, N. C 
Page, William H., Madison, Wisc. 
Popielski, Daniel A., Springfield, Mass. 
Reed, Thomas, Jr., Lake Jackson, Tex. 
Reichle, Walter T., Bloomfield, N. J. 
Rogers, Milton B., Louisville, Ky. 
Rosett, L. Kenneth, Tuckahoe, N. Y. 
Saunderson, George F., Downey, Calif. 
Schablow, Kenneth P., West Allis, Wisc. 
Schepman, Berne A., Roselle, N. J. 
Schneider, Alfred, Jackson Heights, N. Y 
Short, Mary A., Camp Detrick, Md. 
Smith, Allan H., China Lake, Calif. 
Sokoloff, Sergio, Bogota, Columbia 
Tate, John, Decatur, Ala. 

Trice, Virgil G., Jr., Lemont, Hil. 

Utley, James F., Brandenburg, Ky. 

Van Tassell, Harry M., Atlanta, Ga 
Vogel, Carl H., New Providence, N. J. 
Wallace, Paul C., Louisville, Ky. 
Walton, Thomas H., Laurel, Miss. 
Westermann, Donald H., Cudahy, Wisc. 
Williams, Alfred Eugene, Buffalo, N. Y. 
Wolker, Elzie, Levittown, Pa. 
Wollscheid, D. E., Niagara Falls, N. Y. 


Youngblood, Enoch Lloyd, Jr., Ook Ridge, Tenn. 
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for low-cost suction pressures 


EVACUATE STEAM 


with 


SIEAMIJE? 


OPERATING 
STEAM 


EJECTOR 
SUCTION 


Where processes call for vacuum pressures down to 50 microns 
(.002” Hg abs), the I-R Steam Jet Ejector can generally make 
important savings in first cost, installation, operation and 
maintenance. 


The steam jet ejector is the ultimate in mechanical simplicity, 
consisting of only three basic parts—a steam nozzle, a suction 
chamber and a venturi-shaped diffuser. There are no moving 
parts to wear out or require lubrication—no vibration—nothing 
to adjust or replace. Little or no foundation is required and 
space requirements are very moderate. 

Ingersoll-Rand can supply Steam Jet Ejectors, designed for any 
capacity requirements within their vacuum pressure range. They 
will handle wet or dry mixtures of air, gases and vapors, and 
accidental entrainment of liquid will do no damage. I-R Ejectors 
are available in single-stage, two-stage, and multiple-stage de- 
signs—with pre-coolers, intercondensers and after condensers as 
required for any specific application. 

Remember, I-R engineers are specialists in vacuum-producing 
equipment—including both steam-jet ejectors and reciprocating 
vacuum pumps. Their recommendations for your vacuum equip- 
ment are therefore based solely on your own best interests. For 
further information, consult your nearest I-R representative. 
Or write for a free copy of Bulletin 9013A. 


® No Moving Parts 
@ No Vibration 


® Low Installation 
Cost 


© Long Life with 
Low Maintenance 


11 BROADWAY, NEW YORK 4, N. Y. 


Ingersoll-Rand 


COMPRESSORS + AIR TOOLS + ROCK DRILLS * TURBO-BLOWERS 
CONDENSERS * CENTRIFUGAL PUMPS + DIESEL AND GAS ENGINES 
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avoided 


with 


GLENN LOOMIS 
CHIEF ENGINEER 


Plastics & Chemicals, Ine. 
— North Tonawanda, New York 


always present. 


BULLETIN Q100 


Get the full story 
of this amazing 
stainless steel fit- 


ting which permits 
quick assembly 
disassembly 


of stainless pipes 
or tubing without 
threading, flaring 
or welding. 
Write for Bulletin 
Q100 today. 
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Susur down is costly... 
leakage can be dangerous 
. . . and the fire hazard is 
These are 
three of the major reasons 
why we insisted on using 
Quikup! stainless steel fittings 
on our fractionating columns. 


Since neither welding, 
threading nor flaring are re- 
quired . . . and since installa- 
tion is a matter of seconds 
per fitting . . . Quikupl saved 
us time, labor and dollars 


while providing the tight leak- 
proof seal required without 
the necessity of taking a 
chance on fire.” 


If you haven't already in- 
vestigated this patented, 
service-proven stainless steel 
fitting which lets you as- 
semble and disassemble with 
the turn of an Allen wrench, 
fill out the coupon below and 
we'll rush your free copy of 
our detailed technical manual 
Q100. 


THE 


COOPER ALLOY 


FOUNDRY CO. © HILLSIDE NEW JERSEY 
NAME 
POSITION 
COMPANY 
ADDRESS 


city STATE 
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Secretary’s Report 


S. L. TYLER 


he Executive Committee transacted 

the necessary business for the 
months of August and September by 
mail ballot. Minutes of the previous 
meeting were approved as issued. Sec- 
retary reported that no adverse com- 
ment had been received regarding the 
applicants for membership whose names 
appeared in the July and August issues 
of “C.E.P.,” and they were therefore 
declared elected to the grades of mem- 
bership for which they applied. Trea- 
surer’s reports of June 30 and July 31 
were received and approved. Three 
resignations were accepted. 

S. G. Pappas was placed on the 
Suspense List because he entered the 
Armed Forces. 

J. L. Martine, representing the St. 
Louis Section, was appointed to the 
Membership Committee to succeed 
Aaron Rose, also J. Walkey, represent- 
ing the Northern California Section, 
was appointed to succeed T. E. Driscoll, 
Jr.; A. S. Hall, representing the New 
Orleans Section, was appointed to the 
Public Relations Committee to succeed 
H. J. Janssen, and William Shuster, 
representing the Northeastern New 
York Section, was appointed. 

The Council met at the Fairmont 
Hotel, San Francisco, Calif., on Sept. 
12, and minutes of previous meetings 
as well as those of the Executive Com- 
mittee were received and approved. 

The statement reporting on the opera- 
tions of the Institute for the first six 
months of 1953 was approved; it was 
found to be in line with the budget as 
approved earlier. 

The chairmen of the standing com- 
mittees of the Institute for 1954 were 
appointed, 

Questions pertaining to membership 
grades, voting franchises. and other 
matters dealing directly with the mem 
bership of the Institute, which had been 
before the Council for sey 
ings, were 
tentative 
matters 
stitution 


eral meet 
further discussed \ few 
decisions were made, and the 
were submitted to the 
and By-Laws Committee with 
the request that a study be made with 
the thought in mind of possible amemd- 
ment to the Constitution 

FE. P. Stevenson, chairman of the 
Institute Housing Committee, reported 
in detail on the activities of the com 
mittee. His recommendation was that 
the Institute investigate the matter of 
obtaining headquarters in its own build- 
ing in New York City. Preliminary 
investigations indicate clearly that such 


Con- 


(Continued on page 64) 
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Thisnews means | 
that the advantages | 

of TEFLON* diaphragms 
can now be applied 
economically in scores 
of tough valving jobs 


e 
laphra,,-? ‘a 
the “ems has Sults fro 
“ations ©OMpany’, 


CHECK THESE REPORTS OF RESULTS 
WITH TEFLON* DIAPHRAGMS 


@ Pharmacevtical Plant — Successfully handling mixtures 
of mineral acids with aliphatic and aromatic compounds 
to 100 psi, and 400° F 

@ Oil, Soap and Fat Plant — Successfully handling hot 
alkali (70% plus) to 100 psi, and 400°F. 

@ Antibiotic Plant — Successfully sterilizing with high 
pressure steam to 100 psi, 


“Registered Du 
Pont Trademark 

for Tetrafluoro- 
ethylene resin. As 
used in the Hilis- 
McCanna diaphragm 
it is solid non-lubri- 
cated (non-plasti- 
cized) Teflon. 


@ Petrochemical Piant — Offers complete resistance to 
acids, alcohols, esters, ketones to 100 psi, and 400°F. 
@ Paint and Varnish Plant — Completely resists solvents 


plus additional advantages of packless construction and 
ease of cleaning. 


Cutaway view of a Teflon diaphragm equipped Hills-McCanna 
Valve and a Teflon diaphragm. These valves are available with 
a wide choice of manual, remote and aut tic operators. Valve 
bodies of cast iron or any machinable alloy or with lead, gloss, 
rubber, plastic, etc. linings. For hazardous services special models 
with Teflon stuffing boxes are available. (Model J9900—O.5. &Y. 
type—stainless, cast steel or cast iron bonnet construction) 


@ Fertilizer Plant — Completely resists sulfuric acid with- 
out need for stuffing box. 


@ Textile Plant—Successfully handling souring, emulsify- 
ing, dispersing, sizing and kier reagents with no stuffing 
box required. 

@ leather Treating Plant—Successfully handling all tan- 
ning, color and fat liquor reagents. 


GET FULL INFORMATION FROM: 
HILLS-McCANNA CO. 
2438 W. Nelson St. Chicago 18, Ill. 


These cre only a very few comments from scores of field 
reports. We will be pleased to show you many more. 


METERING AND PROPORTIONING PUMPS © FORCE FEED LUBRICATORS © MAGNESIUM ALLOY SAND CASTINGS 
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VANTON PUMP - 


AMES 


HARD: “HANDLE 


CHEMICALS 


* non-corrosive 


non-contaminating 


POLYETHYLENE 
flex-i-liner PUMPS 


designed specifically for corrosive and 
hazardous fluids 


NO STUFFING BOXES, glands, 
shaft seals, gaskets or check valves. 
Fluid contacts only outer surface of 
durable precision molded flexible 
liner and inside of pump body block. 


Select proper material and forget 
about corrosion or contamination. 


Available in: 
Body Blocks: Polythelene, Bakelite, 
i N Hard Rubber, unplasticized 
PVC, Stainless Steel. Flex-i-liners: 
Natural and pure gum rubber, Neo- 
prene, Buna N, Hycar, Vinyl, Compar 
and Silicone. 


CAPACITIES from fractional to 20 
gpm... excellent for those hard to 
handle corrosive fluids and slurries. 
Illustrated booklet on request, as well 
as descriptive literature on corrosion 
resistant centrifugal pumps, valves, 
pipes and fittings. 


VANTON 


PUMP AND EQUIPMENT CORP. 
EMPIRE STATE BLDG. NEW YORK 1,N.Y, 
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SECRETARY’S REPORT 


(Continued from page 62) 


a headquarters could be operated much 
more economically than continuing to 
rent space in commercial buildings. 
On the basis of the preliminary re 
port of the Committee, Council author- 
ized further study and a definite re- 
commendation to be brought in as soon 
as possible. 

The of of 
the Institute based on special interests 
or fields of 


establishment Divisions 
activity in chemical engin- 
eering had been proposed and referred 
to the Constitution and By-Laws Com- 
Phis committee reported that it 
would recommend the establishment of 
divisions, and therefore it 
quested to prepare 
Constitution. 


Was re 


an amendment to 
Upon recommendation of the Pro 
the dates of March 
were approved for the 
a national meeting of the 
Institute at Louisville, Ky.; the dates 
of May 1-4, 1955, were approved for 
the national meeting at Houston, Tex. 

The question of the trend which is 
developing in this country towards the 
organization of professional employees, 
enginecrs, 
groups 
status as labor 
Reports of 
of the 
special was 
study such procedure 


Up 


20-23, 1955, 


holding of 


and others into bargaining 
practically the same 
unions was discussed. 


having 


activities in various parts 
country were and a 
appointed 
and report. 
of the Stu- 
, the establish- 
ment of a student chapter 
Polytechnic Institute was approved. 
The report of the Chemical Engin- 
eering Education and Accrediting 
mittee was received, 
taken in accordance 
mendations. These actions will be re- 
ported to the Engineers’ Council for 
Professional Development with the re- 


presented 
committee to 
recommendation 
dent Chapters Committee 


at Louisiana 


Com- 
and actions were 
with its recom- 


quest that it act accordingly. 

The Tellers Committee, consisting 
of the following—F. B. White, chair- 
man, S. Adler, W. Dorsheimer, H. 
Malakoff, R. Morton and S. J. Wolff, 
secretary, had completed their count of 
the Nominating Ballot and the report 
was presented to the Council. An elec 


tion ballot will be prepared and distri- 
buted upon of the 
nominations. 


based acceptance 


FOLSOM HEADS ENG. RES. 
INSTITUTE AT ANN ARBOR 


The president and the regents of the 
University Michigan, Ann Arbor, 
announced the appointment of 


of 


| 


Richard Gilman Folsom, Ph.D., as | 
director of the Engineering Research 
Institute effective Sept. 1, 1953. 


SS 


Compact photochemical equip- 
ment for continuous flow, 
batch or recycling processes is 
well recognized for volume 
production. Hanovia lamps 
offer many distinct advantages 
and, frequently, economies 
over other techniques for 
achieving identical reactions. 
Photochemical techniques 
may reveal interesting possi- 
bilities for your manufactur- 
ing processes. Write today for 
descriptive literature. 


Special Products Division — Dept. CEP-1055 | 


HAHOUIA 


CHEMICAL & MFG. CO. 
100 Chestnut Street, Newark 5, W. J. Ese. 
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This somple section of a TRANE 
Brazed Aluminum Heat Exchang- 
er shows how its construction can 
pock up to 450 sq. ft. of surface 
into a single cu. ft. of space. 


New TRANE Brazed Aluminum Surface 
makes NEW products and processes not 
only possible...but practical.’ Here’s why: 


Wider range of core sizes and shapes. 

Greater variety of surfaces. 

Almost unlimited design flexibility. 

Up to 9 times more surface for the heat 

exchange job than with conventional %4” 

shell-and-tube construction. 

5. Light weight. Yet takes test pressures up to 
1,000 Ibs. per sq. ch and: temperatures 
from —300° to 500° F 

6. Can handle 5 fluids or more at one time. 

Can produce more heat transfer in 44 the 

space, with '4 the weight. 


Pepe 


On large or small jobs, ‘RANE Brazed Alu- 


minum Heat Exchangers can solve 


almost any heat transfer problem. 


Multiple-core units can be furnished. 
You can get temperature approaches 
of 5° to 10° F 


~ 
. 


What's your heat roblem? Liquid-to-liquid, 
as-to-gas, liquid-to- Conder nsing and vaporizing 
uids? You may fin c new and better solution in 

= new kind of all-aluminum heat transfer surface 

. developed by TRANE. 


Design flexibility makes possible heat 
exchangers in many shapes. . . and in 
sizes up to 106" in length, with either 
bolt-on or integrally welded headers. 
For longer flow lengths, cores can be 
welded together in series. 


More heat exchange . . . closer temperature approaches 


Write on your 
Equipment.”’ 


The Trane Company, La Crosse, Wis. « East. Mfg. Div. Scranton, Penn. 
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this your key 
new product process 


Select the surface you need. Straight and 
continuous, serrated, herringbone or 
perforated. Height, thickness and fin 
spacing also can be varied to meet 
required heat transfer and pressure 
drop performance. 


| 


Handle up to 5 ; Heids or gases, even more, 

at — This symbolic drawing shows 
how. If your job requires one stream 
or many— high or low temperatures or 
pressures——solve it with TRANE Brazed 
Aluminum Heat Exchangers. 


TRANE brazed aluminum heat transfer surface 


e Trane Co. of Canada, Ltd, Toronto e 87 U.S. and 14 Canadian Offices 


MANUFACTURING ENGINEERS OF AIR CONDITIONING, HEATING, VENTILATING AND HEAT TRANSFER EQUIPMENT 
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DOW CORNING 
ANTIFOAM A 


b Optimum concentrations of 
Dow Corning Antifoam A against 
a wide variety of foamers are so 
small they are measured in parts 
per million. For instance: 


4p.p.m. (0.0004%) defoams cottonseed off 
ppm. (0.0001%) defoams fermenting wheat 
p.pm. (0.0001%) defoams neoprene latex 
ppm. (0.0001%) defoams paper sizing 
-02 p.p.m (0.000002 %) defoams vat dies 


Used throughout the proc- 
essing industry, Dow Corning 
Antifoam A cuts processing time; 
increases productive capacity; 
eliminates waste and hazardous 
overflow. 


6 Odorless, tasteless and non- 
toxie, Antifoam A is safe, swift 
and by far the most economical 
defoamer you can buy. 


DOW CORNING ANTIFOAM AF EMULSION. 


Originally developed for use 
in the food industry, this new 
water-dispersible silicone emulsion 
is equally versatile, equally effect- 
ive in industrial processing of 
aqueous foamers. 


For further on 
these materials, we invite 
youto... 


Mail coupon today for 
FREE SAMPLE 


Dow Corning Corporation 
Midland, Michigan 
Dept. CS-10 
Please send me data and a free sample of — 
(1 Dew Corning Antifoam A or 
(0 Dow Corning Antifoam AF Emulsion 


DOW CORNING 


COMPANY 


urself! 


| a system of spirals in a wet mill. 


NEWS 


(Continued from page 54) 


DU PONT STARTS NEW 
ILMENITE PLANT 


Construction of a $3,000,000 mine 
and plant to produce ilmenite near 
Lawtey, Fla., was announced recently 
by Du Pont. To be known as the 
Highland plant, the installation will be 
built and operated by the Humphreys 
Gold Corporation of Denver, which ex- 
pects to complete construction early in 


Iimenite is the principal titanium- 
bearing ore available to industry. The 
metallic element titanium is difficult to 
extract from ilmenite, which is com- 
posed principally of iron oxides and 
titanium and exists in three principal 
types of ore: sand, rock, and slag. 

The Du Pont operation is concerned 
with ilmenite in sand and requires a 
dredge floating on a “traveling lake” 
about a half mile long and 500 ft. wide 
dug out of the sandy soil. A dredge and 
separators floating on the lake pick up 
the sand in front, take out the black 
ilmenite, and pour the sand back in 
again behind them. The lake thus tra- 
vels forward in the direction of the 
work—moving in where sand is re- 
moved and being pushed forward by the 
sand returned in back. 

\ suction dredge pulls the sand up 
and pipes it directly to a floating scrub- 
ber barge, where the organic coating is 
removed and the heavy black mineral 
is separated from the white sand by 
The 
spiral system was originally devised by 
Humphreys as an improved method of 
concentrating gold sands. 

The concentrated ore is piped to a 


| dry mill on land, where the ilmenite is 


further concentrated by electromagnetic 
and electrostatic separators and shipped 
to processing plants in Maryland and 
Delaware. Output of Du Pont’s present 
plant, the Trail Ridge, is about 100,000 
tons annually, and the capacity of the 
new plant will be the same. 

The percentage of ilmenite in sand is 
about 2 per cent. 


CHEMICAL ENGINEERING 
DEPARTMENT AT SEATTLE 
A newly constituted department of 
chemical engineering at the University 
of Washington, Seattle, Wash. was re- 
cently announced by the Board of Re- 
gents of that university. Although 
chemical engineering heretofore was 
under the jurisdiction of the College 
of Engineering, it was joined with 
chemistry in the College of Arts and 
Sciences under a single departmental 
title and executive officer. The new 
department will be headed by R. Wells 


Moulton (see page 79). 
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“HEAT EXCHANGERS 


in the 
CHEMICAL PROCESS INDUSTRIES 


It means specialized experience in’ the 
fabrication of completely integrated heat 
exchanger units that are 


Dependable in performance. .. 
Rugged in construction. . : 
Designed for easy service ci 


For many years we neve, 


en- 


Our staff of chemical and mechanical e1 
vl m 
STANDARD HEAT EXCHANGERS 
SPECIALNEQUIPMENT 
PILOT PLANT UNITS OR 
PLANT MODERNIZATION PROGRAMS 


We cordially solicit your inquiries. 


DAVIS ENGINEERING 


ROCKEFELLER PLATA 
NEW YOR® 20 NEW FORE 


1064 FAST GRAND STREET 
4 NEW JERSEY 
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High absorption 


Here is a material in powder form, so 
porous that 93% of its volume consists 
of tiny interconnected pores. This unique 
structure gives Celite* an exceptionally 
high absorptive capacity which is now 
being put to profitable use in a wide 
variety of industries. For example, Celite 
serves as a dry carrier for insecticide 
poisons . . . helps control viscosity in 
adhesives .. . and makes a highly effec- 
tive anti-caking agent in fertilizers. 
The unique structure of the micro- 
scopic Celite particles offers many other 
advantages. These particles are spiny 
and irregularly shaped, strong and rigid 
.-.asaresult they do not pack together. 


Vol. 49, No. 10 


Celite diatomite powders absorb twice their own weight of liquid 


Thus Celite powders have great bulk 
per unit weight . . . making them valu- 
able for fluffing up dry powders such as 
household cleansers . . . and extending 
pigments in paint and paper. 

Celite’s physical structure itself is also 
utilized in many different ways . . . as 
the outstanding flatting agent for paints 
... asa mild non-scratching abrasive for 
fine polishes . . . and to improve surface 
appearance in plastics. And it is also the 
reason why Celite can add strength, 
toughness, stiffness, durability and 
many other desirable characteristics to 
your product. 

If you want improved product per- 


*Celite is Johns-Manville’s registered Trade Mark for its diatomaceous silica products, 


M Johns-Manville CELITE 
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Like nature's porous sponge, Celite has extremely high absorptive capacity. 
It absorbs 220°) of its own weight of water (Gardner-Coleman method) 


formance or lower production costs, inves- 


tigate industry’s most versatile mineral 
filler. One of the J-M Celite Engineers 
will gladly discuss your problem. These 
men are backed by complete technical 
services and the Johns-Manville Re- 
search Center, largest laboratory of its 


kind in the world. 
For further infor- 
Wi 


,CELITE 


Johns- Manville, 
Box 60, New 

York 16, N. 
In Canada, 199 


a. Marwille 
Bay St., To- Wee 
ronto 1, Ont. 


= 
Page 67 


Choirman of the A.I.Ch.E. Program Committee 


Loren P. Scoville, Jefferson Chemical C 


pany, Inc. 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 


260 Madison Ave., New York 16, N. Y. 


MEETINGS 


Annual—St. Louis, Mo., Hotel Jefferson, Dec. 
13-16, 1953. 

TECHNICAL PROGRAM CHAIRMAN: J. J. Healy, 
Jr., Assist. to V. P., Monsanto Chemical Co., 
1700 S. 2nd St., St. Louis 4, Mo. 


Washington, D. C., Statler Hotel, March 8-10, 
1954. 

TECHNICAL PROGRAM CHAIRMAN: George 
Armistead, Jr., Consult. Chem. Eng., George 
Armistead & Co., 1200 18th St. N.W., Washing- 
ton 6, D. C. 


Springfield, Mass., Hotel Kimball, May 16-19, 
1954. 

TECHNICAL PROGRAM CHAIRMAN: E. B. Fitch, 
Asst. to Res. Dir., The Dorr Co., Westport, Conn. 


Ann Arbor, Mich., Univ. of Mich., Ann Arbor, 
Mich., June 20-25, 1954—Conference on Nuclear 
Engineering. 

TECHNICAL PROGRAM CHAIRMAN: D. L. Katz, 
chairman, Dept. of Chem. and Met. Eng., Univ. 
of Mich., 2028 E. Eng. Bldg., Ann Arbor, Mich. 


Glenwood Springs, Colo., Hotel Colorado, Sept. 
12-15, 1954. 

TECHNICAL PROGRAM CHAIRMAN: Prof. C. H 
Prien, Dept. of Chem. Eng., Univ. of Denver, 
Denver 10, Colo. 


Annual—New York, N. Y., Statler Hotel, Dec. 
12-15, 1954, 

TECHNICAL PROGRAM CHAIRMAN: G. T. 
Skaperdas, Assoc. Dir., Chem. Eng. Dept., M. W. 
Kellogg Co., 225 Broadway, N. Y. 7, N. Y. 
ASST. CHAIRMAN: N. Morash, Titanium Div., 
National Lead Co., P. O. Box 58, South Amboy, 
N. J. 


Louisville, Ky., Kentucky Hotel, March 20-23, 
1955 

TECHNICAL PROGRAM CHAIRMAN: R. M. Reed, 
Tech. Dir., Gas Proc. Div., The Girdler Corp., 
Louisville 1, Ky. 

Houston, Texas, Shamrock Hotel, May 1-4, 1955 
TECHNICAL PROGRAM CHAIRMAN: J. L. Frank- 
lin, Res. Assoc., Humble Oil & Refining Co., 
P. O. Box 1111, Baytown, Texas. 

Lake Placid, N. Y., Lake Placid Club, Sept. 25-28, 
1955. 

TECHNICAL PROGRAM CHAIRMAN: L. J. Coul- 
thurst, Chief Proc. Designer, Foster Wheeler 
Corp., 165 Broadway, New York 6, N. Y. 
Detroit, Mich.—Statler Hotel, Nov. 27-30, 1955 
TECHNICAL PROGRAM CHAIRMAN: T. J. Car- 
ron, Head, Chemical Tech. Office, Ethyl Corp., 
Res. Labs., 1600 West Eight Mile Road, De- 
troit 20, Mich. 


SYMPOSIA 


SYMPOSIA FOR ST. LOUIS MEETING 


Distillation 
Dust and Mist Collection 


Drying 

Use of Computers in Chemical Engineering 
Heat Transfer 

Carbonization 

Industrial Waste Disposal 


Mixing 

CHAIRMAN: J. H. Rushton, Dept. of Chem. Eng., 
Illinois Inst. of Tech., Chicago, Ill. 
MEETING—Washington, D. C. 


Patents 

CHAIRMAN: W. C. Asbury, V. P., Std. Oil Dev. 
Co., 15 W. 5ist St., New York 19, N. Y. 
MEETING-—Washington, D. C. 


Chemical Engineering in the Fertilizer Industry 
CHAIRMAN: G. L. Bridger, Head, Dept. Chem. 

& Mining Eng., lowa State College, Ames, 
lowa. 


MEETING—Washington, D. C. 


Liquid Entrainment and Its Control 

CHAIRMAN: H. E. O'Connell, Ethyl Corp., P. O. 
Box 341, Baton Rouge, La. 
MEETING—Washington, D. C. 


Chemical Engineering Fundamentals 
CHAIRMAN: R. A. Kinckiner, E. 1. duPont 
deNemours & Co., Wilmington, Del. 


MEETING—Washington, D. C. 
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New Metal Technology 


CHAIRMAN: W. C. Schroeder, U. S. Bureau of 
Mines, Dept. of the Interior, Washington 25, 


MEETING—Washington, D. C. 


Polymeric Materials of Construction 
CHAIRMAN: C. C. Winding, Assist. Dir., College 
of Eng., Cornell Univ., Ithaca, New York. 
MEETING—Springfield, Mass. 

Nuclear Engineering 

CHAIRMAN: D. L. Katz, Chairman (Address: 
See Ann Arbor Meeting). 

MEETING—Ann Arbor, Mich. 

Reaction Kinetics 

CHAIRMAN: N. R. Amundson, Dept. of Chem. 
Eng., Univ. of Minnesota, Minneapolis 14, Minn. 
MEETING—New York, N. Y. 

Gas Absorption 

CHAIRMAN: R. L. Pigford, Div. of Chem. Eng., 
Univ. of Delaware, Newark, Del. 
MEETING—New York, N. Y. 

Centrifugation 

CHAIRMAN: J. O. Maloney, Chairman, Dept. 
Chem. Eng., Univ. of Kansas, Lawrence, Kan. 
Nucleation Processes 

CHAIRMAN: E. L. Piret, Dept. Chem. Eng., Univ. 
of Minn., Minneapolis 14, Minn. 
Agglomeration 

CHAIRMAN: A. P. Weber, International Engi- 
neering, Inc., 15 Park Row, New York, N. Y. 
Solvent Extraction 


CHAIRMAN: Dr. R. B. Beckmann, Dept. Chem. 
Eng., Carnegie Inst. of Tech., Schenley Park, 
Pittsburgh 13, Pa. 
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Submitting Papers 

Members and nonmembers of the 
A.LCh.E. who wish to present papers 
at scheduled meetings of the Institute 
should follow the following procedure. 

First, write to the Secretary of the 
A.L.Ch.E., Mr. S. L. Tyler, American 
Institute of Chemical Engineers, 120 
East 41st Street, New York, requesting 
three copies of the form “Proposal to 
Present a Paper Before the American 
Institute of Chemical Engineers.” Com- 
plete these forms and send one copy to 
the Technical Program Chairman of the 
meeting for which the paper is intended, 
one copy to the Chairman of the A.1. 
Ch.E., Program Committee, address at 
the top of this page, and one copy to the 
Editor of Chemical Engineering Pro- 
gress, Mr. F. J. Van Antwerpen, 120 
East 41st Street, New York. 

If you wish to present the paper at 
a particular symposium, one copy of the 
form should go to the Chairman of the 
symposium instead of the Technical Pro- 
gram Chairman of the meeting. 


Before Writing the Paper 

Before beginning to write your paper 
you should obtain from the meeting 
Chairman, or from the office of the Sec- 
retary of the A.I.Ch.E., at 120 East 41st 
St., New York, a copy of the A.I.Ch.E. 
Guide to Authors, and Guide to Speak- 
ers. These cover the essentials required 
for submission of papers to the A.I. 
Ch.E. or its magazines. 


Copies of Manuscript 

Five copies of each manuscript must 
be prepared. For meetings, one should 
be sent to the Chairman of the sym- 
posium, and one to the Technical Pro- 
gram Chairman of the meeting at which 
the symposium is scheduled. If no sym- 
posium is involved, the two copies should 
be sent to the Technical Program Chair- 
man. The other copies should be sent to 
the Editor’s office since manuscripts are 
automatically considered for publication 
in Chemical Engineering Progress, or 
the symposium series of Chemical Engi- 
neering Progress, but presentation at a 
meeting is no guarantee that they will 
be accepted. 


DEADLINE DATES FOR PAPERS 


ST. LOUIS MEETING-—(Passed) 

WASHINGTON, D. C. MEETING—November 8, 
1953 

SPRINGFIELD MEETING—January 9, 1954 

ANN ARBOR MEETING—February 15, 1954 

GLENWOOD SPRINGS MEETING--May 12, 1954 

NEW YORK MEETING—August 12, 1954 

LOUISVILLE MEETING—November 20, 1954 

HOUSTON MEETING—definite dotes have not 
been set. 

LAKE PLACID MEETING—May 25, 1955 

DETROIT MEETING—July 27, 1955 
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LOCAL SECTION 


ST. LOUIS 


The fall program of the St. Louis 
Section opened with a smoker Sept. 17, 
1953, at the Hyde Park plant of Griese- 
dieck-Western Brewery in. St. Louis, 
with 120 members and guests in attend 
ance, The entertainment committee un 
corked a well-received “mixing” stunt 
which culminated in the awarding o1 
tokens of the occasion to four grinning 
winners. Several members demonstrated 
their ham-carving prowess and unsus 
pected catering talents while serving a 
buffet dinner. Early arrivals were es 
corted through the plant of the host com 
pany. Stories on vacation experiences 
were swapped and some members in 
formally discussed their committee du- 
ties for the annual A.1-Ch.E. meeting 
to be held in St. Louis in December 


The Akron Section held its annual fall 


picnic on Sept. 18 at the M. A. Knight For a Supersonic 


state. Members and guests numbering 
140 enjoyed card-playing, volley ball, WI N TUNN FL 
and other sports activities. 


The beginning of the fall season is 

scheduled to open with the Oct. 8 dinner 
meeting at the local Y.M.C.A. Dr. @ New and improved, this NIAGARA METHOD that effectively dries 
Henry B. Hass, president of the Sugar outdoor air for a wind tunnel used for testing at supersonic speed, can be 
Research Foundation, Inc., will speak on trusted to give you the best air conditions for your purpose: 

the subject “Commonest Pure Organic 
Compound.” Dr. Hass was formerty - to dry your materials or products 
search director of the Baltimore Gas 
Engineering Corporation of Charleston, = to prevent condensation or moisture damage 
W. Va., and was associated with the 
Manhattan Project in the development 
of fluorocarbons from 1942 to 1946. *to give you an atmosphere in which your product 


can be packaged or stored safely. 


© to protect your moisture-sensitive processes 


NEW ORLEANS ~ to give you exactly the right atmospheric conditions 


The New Orleans Section of A! for testing materials 


Ch.E. held a meeting at the Engineers on a 
and Architects Club of New Orleans to put esh a ck into your air conditioning, 


on Sept. 15. Dr. Robert Nieset, pro increasing its capacity and effectiveness 
fessor of physics at Tulane University, 
was speaker of the evening. Dr. The Niagara “fresh air’’ Method removes the excess moisture from out- 


Nieset’s talk included a discussion of door air by contact with an absorbent liquid in a spray chamber. The liquid 
the se stable active 
he use of both stable and radioactive contact temperature and the absorbent concentration, both controlled ther- 
isotopes im process control and explora 
oie mostatically, determine the amount of moisture in the conditioned air. 


Heating or cooling the air is a separate function. Therefore, you can easily 


OHIO VALLEY and inexpensively have a precisely controlled condition without the use of 


moisture sensitive instruments, 

The Ohio Valley Section held its 
first meeting of the season on Sept. 18, The Niagara Absorbent Spray Method is noted for solving the really 
at the Engineering Society headquarters difficult problems of air conditioning. Write for complete information. 
in Cincinnati. The speaker for the 
evening was Don Clark of the Sun 
Oil Co. film was shown. titled N G oO C oO N 
“2 = 3.” It was produced by the Oil i A A R A B L Ww E R M PA 
Industry Information Committee of the Over 35 Years’ Service in Industrial Air Engineering 
American Petroleum Institute and dealt 
with improvements in the production Dept. EP, 405 Lexington Ave. New York 17, N.Y. 
and quality of motor fuels Field Engineers in Principal Cities of U. 8. and Canada 
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PLANT TRIPS 


(Continued from page 44) 


| bility in use is built into the develop- 
ment equipment. 


American Zinc Company of Illinois, Zinc Smelter, 
Fairmont City, Ill., Trip T-2, 60 men. 


| Slab zinc, 66° Be. sulfuric acid and by- 

products are manufactured here by 
processes of interest to engineers. Zinc 
concentrate is roasted in Herreshoff 
| and flash roasters; the gases go to the 
sulfuric acid contact process. After 
sintering, grinding, and_ classifying 
calcines, zinc is distilled in retorts. 


International Shoe Co., Tannery, Wood River, 
IIL, Trip T-3, 33 men. 
Hide preparation, tanning by both 
chrome and vegetable processes and 
finishing of leather to uniform thick- 
ness for shoe uppers will be shown. 
oe This is one of the largest tanneries 
in the United States. 
Socony-Vacuum Oil Co., Inc., East St. Louis, Hl, 
Trip T-6, 66 men. 
| Interesting equipment and instrumenta- 


tion here process 1,400,000 gal./day of 


crude oil to gasoline, jet fuels, kerosene, 

Diesel oil, heating oils, etc. Two kinds 

DU FS of catalytic reactors (Houdry fixed 
| bed and a T.C.C. unit) are in use. 


ESTABLISHED 1915 


Washington University Cyclotron and Engineer- 
ing Laboratories, St. Lovis, Trip T-7, 40 men. 


OV 30 to D t C 5 | The cyclotron, one of the largest of 
its type in the world, has an 80-ton 


|magnet 10 ft. high, with a 12-ton 


winding. For some purposes it is equi- 
C Oo M M E K Cc ! a L M U s E U M valent to 7 tons of First 


7 radium. 
A N D ra re) N Vv E N T 1! re) N H A LL operated in 1942, it is now used for 
A.E.C., N.E.P.A. and Office of Naval 
Research projects. 
Chemical engineering seniors will 
Meet and discuss your processing problems show visitors the electrical, civil, mech- 
anical, and chemical engineering lab- 
with leading technical men of the almost 500 eratecten. 
progressive firms in this timely exhibit. Avail 
yourself of their talents and techniques. Get 
tailored solutions to your plant problems. will cee the wow 6500 
See and compare the newest equipment, day cement plant in operation. Features 
from delicate instruments up to large indus- are modern storage, conveying and 
} | feeding systems, 1,000 hp. ball mills 
trial units. and tube mills, 180-200 ft. diameter 
One good idea alone will repay you for the Dorr thickeners, 11 ft. 3 in. diam. X 
‘ ‘ 450 ft. long rotary kilns, 100 ft. long 
time spent at this great exposition. grate coolers and large Cottrell pre- 


PLAN NOW TO ATTEND. | cipitators, 


| American Zinc Company of Illinois, Electrolytic 
Zine Plant, Monsanto, IIl., Trip W-1, 60 men. 


Missouri Portland Cement Co., St. Louis, Trip T-8, 
80 men. 


This plant produces 110 tons/day of 
99.99% zinc. Bulk materials handling, 
leaching, filtration, removal of soluble 
impurities, and electrolysis will interest 
INTERNATIONAL EXPOSITION COMPANY + 480 LEXINGTON AVENUE, NEW YORK 17,N.¥. | chemical engineers here. 


Application forms for hotel accomodations are available by writing to 
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Granite City Steel Co., Granite City, lll, Trip 
W-2, 66 men. 

Hot and cold rolled steel is produced 
in coils and sheets at the rate of 
1,200,000 tons/year. Heavy steel- 
forming machinery, conveyers and the 
inspection department will be seen. The 
continuous and rapid processing of 
electrolytic tin plate here is also of 
interest. 


Fisher Body Co., Chevrolet Assembly Plant, St. 
Louis, Trip W-3. 

Large-scale continuous production as 

sembly lines will be seen in operation. 

Visiting engineers will be shown 

through the Fisher Body and Chevrolet 

automobile assembly plants. 


Ladies’ Program 

The ladies will be well occupied 
while the men are attending technical 
sessions and plant trips. Mrs. S. L. 
Lopata and her committee have organ- 
ized an interesting series of events 
which starts with the traditional get- 
acquainted coffee hour from 10 to 11:30 
a.m. Monday in Ladies’ Headquarters, 
Room 3, Hotel Jefferson. 

At 12:30 p.m. Monday, a gala lun- 
cheon at the private Columbian Club, 
Eighth and Locust Streets, will feature 
a “sit-down tour of St. Louis” with 
slides. Carl Weber will “M.C.” the 
program, whose theme is “St. Louis’ 
Colorful Past and Bright Future.” 
Charles van Ravenswaay, director of 
the Missouri Historical Society, will 
give an illustrated talk on the Lewis 
and Clark Expedition and early St. 
Louis homes. Mary Powell of the City 
Art Museum will tell about some of the 
outstanding works of art there in her 
talk “History of the City Art Museum 
and its Relation to St. Louis.” Mal- 
colm W. Martin, secretary-treasurer 
of the St. Louis Educational Television 
Commission, will discuss “Educational 
TV on the St. Louis Scene.” Station 
KETC, Channel 9, the first com- 
munity-sponsored noncommercial edu- 
cational television station in the coun- 
try, will have been in operation in St. 
Louis about two months at that time. 

On Tuesday tours will start from the 
Jefferson at 10:00 am. One will he a 
tour of the city to follow up Mondav’s 
“sit-down tour.” Another will be a 
visit to Anheuser-Busch, Inc. There 
may also be a combination trip to 
Anheuser-Busch and to near-by Chero- 
kee Cave, “the only cave in the world 
in the midst of a city,” which features 
an Arabian Nights museum. At 1:00 
p.m. the ladies will convene for lun- 
cheon at the Rose and Crown Room of 
Medart’s Restaurant, where Moolah 
Temple Chanters will entertain them 
with Christmas Carols. 

On Sunday, Monday, and Tuesday 
evenings the ladies will join the men 
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a new Remote Reading 
ELECTRONIC TANK GAUGE 
RECEIVER... 


INCHES 


SYSTEMS Cc 


FIGURE NO. 8800 SERIES 


-.. for 36-foot Range Tanks 
and Smaller 


SPECIAL DESIGN —This new “Varec” Receiver has the many advan- 
tages of our larger range RECEIVERS, but is especially 
designed for tanks not exceeding 36 feet in height. 


INCREASED EFFICIENCY — Reduces operation costs and increases plant 
efficiency. Provides accuracy, unusual speed, sensitivity. 


EASY READING — Allows larger increments on foot-reading scale, per- 
mitting easy reading. 

FLEXIBLE INSTALLATION — Designed in Standard, Relay or “On 
Gauge” types in cabinet or panel styles and can be used 
with electronic alarms or controls. 


CHOICE OF CALIBRATION — English, Metric or special calibration as 
desired. 


REASONABLE UNIT COST— With all its attractive features, this Figure 
Number 8800 Series Receiver has a very reasonable 
first cost. 


Get all the details and illustrations in Bulletin CP-3004, 
just off the press. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
COMPTON, CALIFORNIA, U.S.A. 

Cable Address; VAREC COMPTON USA (Al! Codes) 

New York + Boston + Pittsburgh + Chicogo + Detroit + St. Louis 

Houston + Tulso + Minneapolis « Los Angeles + San Francisco « Seattle 


MAIL COUPON NOW FOR NEW BULLETIN CP-3004 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda Street, P.O. Box 231 
Compton, California, U.S.A. 


Compony Nome 


St. ond No. 


City ond State 
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for parties, shows, and the banquet. , 
WHEN PURITY COUNTS At noon Wednesday, the out-of town 
ladies may gather for an impromptu 
luncheon at the Jefferson Jetween 
i times the three large downtown de- 


® partment stores and many shops will 
VIT 0 | be convenient for Christmas shopping 
j The stores are open until 8:30 p.m CONSTANT-WEIGH I 
= Monday night. Card tables will be FEEDER 

set up and cards on hand at all times 

in Ladies’ Headquarters. 
Dress will be informal for all events 
except the Awards Banquet, where 

| dress is optional, 


Entertainment 
An unusual variety of events for 
Sunday, Monday, and Tuesday evenings 
has been lined up by the Entertainment 
Committee under chairman Richard M 
Edwards of Mallinckrodt. \ regulating feeder which maintains a posi 
Sunday night from 8:00 to 10:00 p.m live constant-weight feed rate regardless of 
feed size or volumetric variation. Bulletin 
the convivial “Get-Acquainted Parts 
will be held in the gilt and glitter of 
| the Hotel Jefferson's Gold, and Crystal 
rooms. Here as at other meetings, old 
friends will be hailed and new friend 
ships launched on a sea of conversation. 
Refreshments will be on hand. Ad 
mission will be by badge, dress in 
formal. 
For Monday night two events are 
scheduled, in addition to the spontan 
eous dinner and sightseeing parties to 
which Monday nights are usually GRINDING MILL 
| given over. Typical of old St. Louis 
will be a “Mellerdrammer” from 8:30 FEEDCON TROLS 
to 10:15 p.m. on the Showboat S. S. 
| Goldenrod, where the audience freely 
cheers the stalwart hero and hisses the 
| dastardly villian. One boat, that can't 
Immune to he missed, the Goldenrod rides perma 
Extreme Chemical, nently at anchor on the downtown 
Thermal and Electrical Mississippi levee. 
Conditions. Non-catalytic. Non- Without even leaving the Jefferson, 
porous. others can see a humorous but pointed 
VITREOSIL CRUCIBLES permit the movie “The Man in the White Suit” 
production of compounds of real with Alec Guiness, about a chemist 
purity; and do not absorb material. who invented an indestructible fiber. 
It is possible to wind Vitreosi! Cruci- Admission to the movie is by badge ELECTRIC EAR 
bles with wire for direct electrical : 
heating. Made in glazed and un- 
glazed finish. 
VITREOSIL DISHES for concentrat- 
ing, evaporating and crystallizing 
acid solutions. Made in large and 
small sizes and types as required. ba é An electronic mill 
VITREOSIL TRAYS are made in two Awards Banquet. rhe banquet and its | teed control which 
types; four sided with overflow lip interesting program will be held in the increases grinding 
Gold Room. Afterwards Hal Havird’s | mill capacity 8 to 
centration; and plain. Our Techni- orchestra and songstress will furnish 40. i 
cal Staff places itself at your music for dancing in the Ivory Room 
disposal for further data. For details | or sitting-out in the adjoining Crystal 
as to sizes, prices, etc., | Room, and a cash bar will be provided. 
Write for Bulletin No.17 | Dress will be optional. 
Throughout the meeting a member of 
the Entertainment Committee will be 


THE THERMAL SYNDICATE LTD. stationed at the Information Center to 1 GE 
answer questions on local theatre HARD | 
«44 BIXLEY HEATH 


events, night clubs, restaurants and COMPANY, INCORPORATED 


and tickets for the Showboat will be 
available to preregistrants and to later 
registrants while they last 

A cocktail party at 6:30 p.m. in the 
Ivory, and Crystal rooms will precede 
the big event of Tuesday evening, the 


‘LYNBROOK, N. Y. other attractions of the St. Louis area. YOum PENNSYLY = 


The Bnd 
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NEWS Understanding 
your 
Processing 


(Continued from page 66) 


NATIONAL SCIENCE 
FOUNDATION GRANTS | 


In its Third Annual Graduate Fellow 
ship Program, for 1954-55, the National 
Science Foundation will award more 
than 700 grants for one year of scien- 
tific study toward advanced degrees or 
for postdoctoral work 

The fellowships are awarded to Amer- 
ican citizens who will begin or continue 
their studies at the graduate level in 
the engineering, mathematical, physical, 
biological, and medical scicnces 

Students entering graduate school for 
the first time or those who have less than 


a vear ot graduate study will receive >= 


annual stipends of 31,400. Fellows who 


need one tinal academic vear of training 


lor the doctoral le vree will receive we start with that 
S1L.800, Fellows between these groups 
will receive $1,600 Postdoctoral fel 
lows will be granted $3,400 annually Yes, we start with a full understanding of your process- 
Dependency allowances for all married ing requirements. This understanding is supplemented 
Fellows, tuition and laboratory fees, by our experiences in mechanical and process design 
and limited travel allowances will also which enables us to provide the best equipment for your 
be provided particular problem. Our engineers certainly know proc- 
essing, and knowing it can appreciate what the equip- 
ment is expected to do. 


National Science Foundation graduate 
Fellows may attend any accredited non 
profit imstitution of higher education 
in the United States or similar institu Included in a long and varied list is equipment such as — 
tions abroad 

Applications may be obtained from Process Units Special Coils 
the Fellowship Office, National Research Distillation Columns —_ Extraction Equipment 
Council, Washington 25, D.C. The Pressure Vessels Heat Exchange Units 
Our shop men are skilled in fabricating all kinds 
plicants and Jan. 4, 1954, for graduate of materials to close tolerances. They, too, have many 
students. Selections will be announced years of experience back of them. With this two-fold 
by April 1, 1954 service available —experience design engineers and 

skilled shop craftsmen, wouldn't you like to have us work 


FREQUENCY-RESPONSE equipment problems? 
MEETING IN NEW YORK 


\ symposium on frequency response 
to be held in New York on Dec. 1 and 2 
by the American Society of Mechanical 
Engineers, Instruments and Regulators 
Division, will be of interest to many 
chemical enyinec’rs, according to Ss DD. 
Ross, A.LCh.E. representative for the 
division 

Among the topics will be a survey 
of sine wave generators with special 
emphasis on the low-frequency pneu 
matic output type required for process 
control work: practical aspects of fre 
quency-response techniques and simple 
design criteria useful to engineers and 
technicians in the field; examples of 
application of the techniques to control 
studies on a chemical plant unit and 
design of controllers 

Further information may be secured 


BADGER MANUFACTURING COMPANY 


polis Honeywell Regulator Co 


and Roberts Ave., Philadelphia 44, Pa 230 BENT STREET, CAMBRIDGE 41, MASS. * 60 EAST 42nd STREET, NEW YORK 17, W. Y. 
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CHEMICAL ENGINEERING PROGRESS 


/ | 
monograph 


and symposium 
series ™ 


SYMPOSIUM SERIES (8% by 11, paper covered) 


1. Ultrasonics—two symposia 
(87 pages; $2.00 to members, $2.75 to nonmembers) 


2. Phase-Equilibria—Pittsburgh and Houston 
(138 pages; $3.75 to members, $4.75 to nonmembers) 


3. Phase-Equilibria—Minneapolis and Columbus 
(122 pages; $3.75 to members, $4.75 to nonmembers) 


Reaction Kinetics and Transfer Processes 
(125 pages; $3.75 to members, $4.75 to nonmembers) 


5. Heat Transfer—Atlantic City 
(162 pages; $3.25 to members, $4.25 to nonmembers) 


6. Phase-Equilibria—Collected Research Papers for 1953 
(113 pp.; $3.25 to members, $4.25 to nonmembers) 


MONOGRAPH SERIES (8% by 11, paper covered) 


1. Reaction Kinetics by Olaf A. Hougen 
(74 pages; $2.25 to members, $3.00 to nonmembers) 


Price of each volume depends on number printed. Series subscriptions, which 
allow a 10% discount, make possible larger runs and consequently lower prices. 


CHEMICAL ENGINEERING PROGRESS 
120 East 41 Street, New York 17, N. Y. 


C) Please enter my subscription to the CEP Symposium and Monograph Series. | will be 


billed at a subscription discount of 10% with the delivery of each volume. 
Please send: 


C) copies of Phase-Equilibria—Collected Research Papers for 1953 
C) copies of Heat Transfer—Atlantic City. 

C] copies of Reaction Kinetics and Transter Processes. 

©) copies of Phase-Equilibria—Minneapolis and Columbus. 

[) copies of Phase-Equilibria—Pittsburgh and Houston. 

C) copies of Ultrasonics. 

CD copies of Reaction Kinetics. 


OC Bill me. C) Check enclosed (add 3% sales tax for delivery in New York City). 
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MARGINAL NOTES 


(Continued from page 30) 


characteristics, common methods of 
manufacture, common grades, forms and 
purities, usual containers, and important 
uses. One of the shortest entries is that 
for sodium zirconium sulfate. 

The jacket of the second edition of 
this book says, “All the principal facts 
about commercial chemicals from 
Abalyn to Zirconium Oxide revised and 
brought up-to-date for handy refer- 
ence.” So this reviewer spent an hour 
and never did find “Abalyn.” This 
brings up the most serious defect of the 
book—no index. An index in the form 
of uncut page proof for pages 589 to 
631 has been prepared and it is hoped 
that the book finally offered for sale 
will contain this index. 

In no way can the book supplant a 
chemical handbook because few physical 
constants are listed, nor can it be con- 
sidered a chemical dictionary. On the 
other hand (with the proper index), it 
is a ready source of information. Meth- 
ods of manufacture are also usually 
listed, but for many organic compounds 
of rising importance only minor, and at 
times obsolete, processes are mentioned. 
The appendix includes summaries of the 
U. S. Caustic Poison Act, the Food, 
Drug and Cosmetic Act, the Federal 
Insecticide, Fungicide and Rodenticide 
Act, and Official Tares of the New York 
Board of Trade. 

For those familiar with the first edi- 
tion, organization of material is the 
same in this edition; data on grades, 
containers, and uses of products in the 
first edition have been brought up to 
date, and new commercial chemicals 
have been added. 


An Investment for the Engineer 


Kinetics and Mechanism. A Study of 
Homogeneous Chemical Reactions. 
A. A. Frost and R. G. Pearson, John 
Wiley & Sons, Inc., New York (1953). 
332 pp., $6.00. 


Reviewed by Ralph R. Wenner, as- 
sistant research director, Central Re- 
search Department, Monsanto Chemical 
Co., Dayton, Ohio. 


The chemical engineer who is con- 
cerned with kinetics as a means for 
correlating and evaluating reaction rate 
data and as a tool for converter design 
will be disappointed in this book. This 
volume is concerned with homogeneous 
reactions in batch or closed systems— 
only five pages are devoted to flow sys- 
tems. Chemical engineering kinetics 
usually involves analyses based on si- 
multaneous rates of reaction, heat and 
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Active Associate Junior 0 Student Nonmember 


mass transfer for multiphase systems, 
and is still largely in the development 
or “iree-wheeling” stage. Nevertheless 
this book is a real contribution to the 
field of chemical kinetics and is recom- 
mended for the serious student or prac- 
ticing engineer who is interested in ac- 
quiring a sound background of classical 
reaction kinetics before tackling the 
more complicated industrial applications. 

Applications of fundamental kinetic 
principles to the derivation of the inte- 
grated forms of the many types of re 
action rate equations are presented in 
a logical manner. Included are chapters 


presenting good introductions to the | 


treatment of reaction rates by collision 
theory and the activated complex or 


transition-state theory. Chapters pre- | 


senting brief treatments of homogeneous 
catalysis in the gas and liquid phase and 


the application of kinetics to chain reac- | 


tions are also included. 


The final chapter which is devoted | 


to a study of reactions whose mechan- 
isms have been investigated by kinetic 
and other methods is prefaced by the 
following pregnant statements (p. 240) : 


The examples chosen will show that the kinetic 


method, including not only determinations of | 


reaction rates and orders but also the changes 


in these rates and orders with changing condi- 


tions, is the best approach to reaction mechan- 
isms. However, they will also show that kinetics 
is incomplete by itself and must be liberally sup 
plemented with other studies. Frequently there 
are several mechanisms which are kinetically in- 
distinguishable; frequently the mechanisms de- 
duced from kinetics alone are too vague as to 
the exact processes taking place. 


The science of kinetics, like thermo- | 


dynamics, pays dividends in proportion 
to the invested effort; if the engineer 
means business, this is a good book to 
own. 


Books Received 


Development of Processes for Produc- 
tion of Fused Tricalcium Phosphate. 
Tennessee Valley Authority, Wilson 
Dam, Ala. Chemical Engineering Re- 
port No. 7. Compiled by J. C. 
Brosheer and T. P. Hignett. U. S. 
Government Printing Of ice (1953). 
143 pp. 40 cents. 

Distillation Literature, Index and Ab- 
stracts. 1946-52. Arthur and Eliza- 
beth Rose. Applied Science Labora- 
tories, Inc., State College, Pa. (1953) 
$25.00. 


Elements of Heat Treatment. George M. | 
Enos and William E. Fontaine. John | 


Wiley & Sons, Inc., New York (1953), 
286 pp., $5.00. 

Laboratory Experiments in General 
Chemistry and Semi-Micro Qualito- 
tive Analysis. George W. Watt and 
L. O. Morgan. McGraw-Hill Co., 
Inc., New York (1953). 228 pp. 
$3.50. 
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YOUR FILTERING PROBLEM A SPECIAL ONE? 


Then it’s even more important that you find out what PORO-STONE filtration can do. Shown 
below is an Adams pockaged plant for 


ADAMS © permanent filter media continuous filtration of molten phospho- 
rus. Whether “special” or “standard 


@ backwash without disassembly your filtering problem is met by experi- 
PORO-STONE “packaged” ready for use enced engineering and competent pro- 


FEATURES duction at R. P. Adams. 
or witheet Miter olf Write for Bulletin No. 431 


R. P. ADAMS CO., INC. 


wre for NOZZLE CATALOG 


ENGINEERING 


| 
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PEOPLE 


McCABE, ENGINEERING 


HAS THE ANSWERS DEAN AT BROOKLYN 


Warren L. Mc 

—Whatever Your Filtration Cabe, President of 

the American In- 

Problems May Be... stitute of Chemical 

Engineers (1950) 

During a half century of filter bases . . . and a choice : and until recently 
designing filter presses for of six different closing de- 4 vice-president and 
America’s manufacturing vices. director of research 
companies, Sperry has solved of the  Flintkote 
nearly every known i of Send for the Sperry Filter Co., Whippany, N. 
industrial filtration problem Press catalog and you'll see J., has returned to 
—? Filter Presses are flex- | why Sperry can solve your the field of engi 
ible in size and design eee filtration problems efficient- neering education as dean of the Colle ge 
j there is a complete range of ly and economically. at the Polytechnic Institute of Brooklyn 
As dean of the College, Dr. McCabe, 


-D. R. SPERRY & CO. who took his three chemical engineering 


degrees, B.S.. M.S. and Ph.D. at the 
University of Michigan, heads the un 


- FILTRATION ENGINEERS FOR MORE rionligereagy school with its two divi 
THAN 60 YEARS 
Eastern Sales Representative: 
GEORGE S. TARBOX 
808 Nepperhan Avenue, 
Yonkers 3,N. Y. Yonkers 5-8400 director of the evening session 
Western Sales Representative: Before joining Flintkote Dr. McCabe 
B. M. PILHASHY Was professor of chemical engineering 
833 Merchants Exchange Bidg. and head of the department at Carnegic 


San Francisco 4, California Institute of Technology. 
DO 2-0375 


¢------------------ 


¢ 


¢+- 


sions, the day session with its dean of 
men and the evening undergraduate ses 
sion with its administrative officer, the 


Over a period of several years Dr. 
McCabe served the A.LCh.E. well, in 
such capacities as Director (1942-44, 
1946-48), Vice-President (1949), and 
as member of many committees, includ 
ing Papers, Student Chapters, Chemical 
Engineering Education and Accrediting 
Awards, and others. In 1937 he received 
the Wilham H. Walker Award of 
A.LCh.E. given in recognition of his 
creative contributions to the literature 
of chemical engineering 


The Chemical Plants Division of 
Blaw-Knox Co. recently announced the 
appointment of M. R. Wingard as sales 
engineer, He will be located at the 
Western headquarters in Tulsa, Okla., 
and will offer the company’s processes 


SEND FOR PSC and engineering construction services to 


chemical, petrochemical, and industrial 
k BBL. clients in a nine-state area. Mr. Win 
gard is a graduate of the University of 
\kron and has done graduate work at 


Largest Compilation of Engineering Data. the University of Michigan. 
Lists 200 Styles Furnished Without Die Cost. Jack C. Hutchison, formerly branch 


manager in Cincinnati, has been ad- 
vanced to the position ot New York 
assistant general branch manager of the 
Monsanto Chemical Co. organic chem- 


This standard reference contains complete ed in Bulletin 2! are furnished promptly, 
specification information for over 200 without die cost, and in any alloy to meet 
standard styles of bubble caps and risers. your coking or corrosion problems. Special 
Also drawings for use in determining caps gladly designed; 
methods of tray assembly. All styles list- write as to your needs, 


icals division sales organization. He 
joined the company in 1941, becoming 
I a member of the engineering sales de- 
THE PRESSED STEEL CO., 708 N. Penna. Ave., Wilkes-Barre, Pa. partment in 1942. He received his BS. 
= degree in chemical engineering from the 
University of Tennessee in 1935. 
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George G. Crewson, director of 
engineering, and a director of Buffalo 
Electro - Chemical 
Co., Inc., has been 
selected b vy the 
Western New York 
Section ot 
Ch.E. to 
the 
nual Professional 
Achievement 


receive 


second an 


Award. Thismeans 
recogni- 
his out- 
service to both 


to the national 


a genet al 
tion of 
standing 


k wal 


the 


section and organiza- 


tion for his contributions to the 
chemical engineering 
whole. Mr. Crewson is also engineering 
consultant on the staff of the 
president of the Chemical Division of 
Food Machinery & Chemical Corp., ot 
unit. Mr. 


Crewson's career was formally launched 


protession as a 


viee 


which Becco ts now a 
upon his graduation from the University 
of West Virginia in 1910. Through the 
Eastern 
and 


sery ed 
| lasslacher 


next eleven years he 
Steel Co., Roessler & 
Du Pont, in many phases of engineer 
ing, research, and development. 


L.W. BASS TO SUPER- 
VISE PROJECT IN EGYPT 


Lawrence W. Bass, President of 
A.LCh.E. (1945), and associated with 
Arthur D. Little, 1952, has 
left for Egypt to administer that orgam 
zation’s industrialization project for that 


Inc., since 


country. For twenty-five vears Dr. Bass 


served in an executive capacity on the 


staffs of several companies—as director 
of research tor the Borden Co., assistant 
director of Mellon Institute, and direc- 
tor of the New England Industrial Re- 
search Foundation. Before  joiming 
Arthur D. Little, Ine., he 


president of the U.S. Industrial Chem 


Was Vice 


icals, Inec., and also was associated for 
several years with Air Reduction Co 
Leon Davidson has recently joined 


the staff of Nuclear Development Asso 
White Plains, N. Y. He 


has been associated with the atomic en 


ciates, Ine., 
ergy field tor ten years, recently on the 
Operations Analysis Staff of the general 
manager at the A.E.C. Washington 


headquarters. 


Edward A. Mason _ i. 
engineer with lonics, Ine., 
Mass. 


lessor ot 


now senior 
ot Cambridge, 
He was formerly assistant pro 
the 
of Technology. 


chemical 
Massachusetts Institute 
Mr. Mason received Se.D 
trom M.I1.T. in 1950 and served as direc 
tor of the Bangor Station of the M.LT. 
School of Chemical Engineering Prac 
tice from 1950 to 1952, 


engineering at 


the degree 
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WHITE, EXEC. VICE- 
PRES. OF VITRO CORP. 


White, Jr.. 


elected by the board of directors to the 


(,eorge Was recently 


position of executive vice-president of 


Vitro Corpor ition of America, New 
York, N. Y. He has been with the com 
pany since 1946, as a director and vice 


Phe Vitro Mar 


al | has served as chan 


president of its parent 
ulacturing Co., 
man of the board and president of an 
Vitro Chemical Co. He 
Is now executive vice-president, a direc 


tor and the 


other subsidiary 


member of 


executive com 
muttee of the three companies 
Mr. White received a B.S. degre 


trom Princeton in 1933 and then acted 


as a technical assistant for the Shell 
Petroleum Corp. for the next thre 
years, Later he yomed the M. W Kel 
logg Co. as a process engineer. From 


1943 to 1946 he served the government's 
Rubber Reserve Co. as deputy director 
Following his service, he jomed 
Vitro as a 
later made director of project manage 


ment. 


wart 


division engineer and was 


Nathan Gilbert, who has been with 
the process development braneh of T.\V 
at Muscle Shoals 1942, has re 
cently resigned his position to accept a 


since 


teaching post at the University of Cin 
At T.V.A. he pertected the de 


velopment ola process tor reconversion 


cinnatt. 
ot wood waste into molasses suitable ton 
teed 
continuing the work of the forest prod 
ucts laboratory of the ULS.DLA. He re 
ceived his B.S. degree in chemistry from 
the University of California and a Ph.D 


animal and was responsible for 


degree in chemistry from the University 
of Wisconsin. 


Theodore Vermeulen, professor of 
chemical engineering at the University 
of Califorma, ha 

received a Ful 
bright Award for 
and 


Belgium will 


lex ture on plant dle 


sign at the univer 
sities at Liege and 
(shent during the 
current iwcademiic 
vear. While in Eu 


also 


pate 


rope he wall 


parti 
the It 
Petroleum in Paris, where he w 


research 


titute 
ill work 


phase-equilbrium re 


program ot 


especially on the 
lations and apparatus requirements for 


solvent extraction of lubricating oi! 


James G. Dustin, formerly assistant 
superintendent of the 
sion, A. E. Staley 
Is now production 
Dustin 


wet tarch «ivi 
Manufacturing Co 
superintendent Mr 


yomed the Staley Co. in 1938 


following his graduation from the Uni 
versity of lowa. 
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TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


The lowest cost raw ma- 
terial for the production 
of all Molybdenum 
compounds, including 
Molybdenum Orange, 
Molybdenum Vermilion, 
and Molybdated pigment 


colors. 


Our development department 
will gladly take up with you any 
problems involving the applica- 


tion of Molybdenura. 


Climax 
Molybdenum 


Company 


500 Fifth Avenue 
York City 
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You can’t beat 
TAYLOR 


COMPARATORS 
for ACCURACY 


Liquid color standards are 
unconditionally guaran- 
teed against fading. 


for SPEED 


Simple 3 step method re- 
quires less than one minute 
to make reading 


for PHOSPHATE, 

pH, CHLORINE 

DETERMINATIONS 


af’ Bigs 


Compoct, easy to use, 
no fragile standards to 
handie. Many slides can 
be used on same base. 


SEE YOUR DEALER...OR WRITE DIRECT 
FOR COMPLETE INFORMATION ABOUT 


THESE WIDELY USED COMPARATORS 


GET THIS FREE 


“TELL- ALL» 


8Cribes 
Paylor Equipment 


W. A. TAYLOR 


412 RODGERS FORGE RD + BALTIMORE 4 MD 


Melvin E. Clark was recently ap- 
pointed 


vice-president—marketing for 
Frontier Chemical 


Co., with head- 
quarters in Wich- 
ita, Kan. In_ his 
new position, Mr. 
Clark will have re- 
spr msibility for 
sales, market re- 
search, advertising, 
traffic, and other 
marketing func- 


tions. Prior to this 
position he was general product man- 
ager, Michigan Alkali Division, Wyan- 
dotte Chemicals Corp., Wyandotte, 
Mich. Mr. Clark received his B.S. de- 
gree from the University of Colorado 


in 1937. 


DEAN, PAULLUS IN 
NEW JOBS AT MONSANTO 


Carlton M. Dean has been appointed 
manager and Marvin R. Paullus assist- 
ant manager of the engineering sales 
department, organic chemicals division 
Monsanto Chemical Co. Mr. 
who succeeds Thomas R. Harney, re- 
cently retired, joined Monsanto's pro- 
duction staff in 1917, and has been 


| associated with engineering sales since 


1934. 


He was graduated from M.LT. 
in 1917, with a B.S. degree in chemical 
engineering. 

Mr. Paullus, who joined Monsanto 
as a sales trainee in 1941, received his 
B.S. degree in chemical engineering 
from Purdue University. He has been 
concerned primarily with design and 


| sales and was in the company’s general 
| engineering department for two years. 


| intendent 


Walter E. Smith, Jr. has joined the 
staff of the Los Alamos Scientific Lab- 
oratory, University of California. He 
was formerly assistant factory super- 
of the Grove Farm Co, at 
Puhi, Kauai, Hawaii. He received his 
B.S. in chemical engineering from the 
University of Colorado at Boulder. 

James A. Wilson has recently been 
appointed production manager of the 
chemical phos- 
phates department 
of International 
Minerals & Chem- 
ical Corp. Mr. 
Wilson has had a 
broad experience 
in chemical 
cessing and 
operations. 
previous position 
he served pro- 
duction manager of the Merrimac Div- 
ision, Monsanto Chemical Co., Everett, 
Mass. He received his B.S. degree in 
chemistry from Clemson College and 
did postgraduate work at Massachu- 
setts Institute of Technology. 


pro- 
plant 
In his 


as 


Dean, | 
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MAKE PIPE CUTS... 


wv w LUKETHIS Ww 


WITH THE 
VERN ON “PIPE-CUTTING” 
PANTOGRAPH 
YOU CAN speed pipe fabrication 
work and make all types of beveled 
cut-offs with the VERNON “Pipe-Cut- 
ting” PANTOGRAPH. 


This semi-automatic guided torch ma- 
chine produces straight or beveled 
pipe cuts, saddle and insert type tee 
intersections, lateral intersections and 
miters. Handles any length pipe in 
most diameters from 2” to 24”. All 
cuts are smoothly finished and bev- 
eled no need for grinding, 
cleaning or hand fitting. Extremely 


easy to operate. 


VERNON TOOL CO.,LTD. 


1111 Meridan Ave. P. O. Box 7555 
Alhambra, California Houston 7, Texas 


TEST - STUDY - CONTROL 


VISCOSITY 


As Simply, Quickly, 
Easily as Taking 


Write for 
BULLETIN No. P-2 


Temperature Readings 


SYNCHRO-LECTRIC 


VISCOMETER 


4 


Adaptable to any prob- 
lem from less than one 
to 32,000,000 centipois- 
es. Send for free illus- 


trated catalog. 


Just a flick of a switch, then 
read the Brookfield dial, and you 
have your viscosity determination 
in centipoises. The whole opera- 
tion, including cleaning up, takes 
only a minute or two. 

Available in a variety of models 
suitable for extremely accurate 
work with both Newtonian and 
non-Newtonian materials, Brook- 
field Viscometers are portable and 
plug in any A.C. outlet. Write 
today. 

Address: Dept. H, Stoughton, Mass. 


KFIFLD ENGINEERING LAF 
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MOULTON HEADS NEW 
DEPARTMENT AT SEATTLE 


R. Wells Moulton has been named | 
head of the newly constituted a ae NICHOLSON TRAPS 


ment of chemical engineering at the | y 
— VE AR OF COAL WEEKL 
cording to a recent announcement of 


the Board of Regents ot the University. 
Mo for This Large Steam User 


. Moulton previously headed the div- 
ision of chemical engineering and has P 
taught at Washington since 1941. Be- | Following replacement of all more even temperatures which 
fore that year he was in industrial steam traps of various makes, with Nicholson traps effect, See why 
practice with Union Oil Co., Los An- Nicholson units, an Eastern college large industrial and institutional 
geles as a process engineer engaged on reports:—"An average coal sav- steam users are increasingly stand- 
pilot-plant development and on design ing of | carload per week besides ardizing on Nicholsons. 5 types: 
much better heat distribution". for heat, power, process; sizes !/4" 

Credit is given the higher and to 2; pressures to 250 Ibs. 


contributions and has served in various 
ways in A.I.Ch.E. and in the chemical 
engineering division of the American 
Society for Engineering Education. 


Norman E. Hathaway, sales man- 
ager of the industrial chemicals depart- 
ment, Davison | 
Chemical Corp., 
has been’ granted 
a six months’ leave 
of absence by the 
company to serve 
as director of the 214 Oregon St., Wilkes-Barre, Pa. 
chemicals and rub- 


ber division of the | N I C $a oO | S oO N 
chemical, = rubber | 
and _ forest-prod- 


ucts bureau in the | es TRAPS: VALVES e FLOATS 


successor agency to the National Pro- 
duction Authority, which being 
organized by the Department of Com- 

merce. Joining Davison in 1946, he was I M EN rk 
first in technical sales, then director of 


technical service, later field service IS 
engineer, and was appointed to his | FURANE RESIN CEMENT FOR CORROSION RESISTANCE 


present post in 1951. 


The promotion of S. Cottrell to the % RESISTS CORROSION = 


position of vice-president of the Math- 


ieson Agricultural Chemicals Division, Acids, Alkalies, Solvents 


Mathieson Chemical Corp., with head- 
quarters in Little Rock, Ark., was re- 
cently announced. He will continue as e SETS PERFECTLY = 


director of operations of the division’s | Summer or Winter 


seven plants. Before joining the com- 
pany in 1949 as operations manager of 


the Mathieson Hydrocarbon Chemicals | e WITHSTANDS HEAT — 


Corp., he was associated with American | 
Potash and Chemical Corp. and Mon- | Temperatures up to 375° F. 
santo Chemical Co. in executive cap- | 
acities. Highly efficient as a mortar for corrosion-resistant masonry, 
C. H. Marshall has been promoted to Resiment is low in porosity and high in compressive and 
the rank of technical specialist in the tensile strength. It is supplied in the form of powder and 
technical service division at the Bay- liquid, in proper combinations, for mixing at time of use. 
town, Texas refinery, Humble Oil & Sets quickly by internal chemical reaction. 
Refining Co. In this capacity his acti- 
vities will be primarily in the fields of | Write for Folder and Prices 


process designs of new installations and | 


following their initial operations in the | SIE 
plant. Mr. Marshall received his B.S. | DELRAC CORPORATION 


degree in chemical engineering from 
Louisiana Polytechnic Institute. 134 Mill St. Watertown, N. Y. 


(More about People on page 81) 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance at I5c a word, with a minimum of four lines accepted. box number counts as two 
words. Advertisements average about six words a line. Members of the American Institute 
of Chemical Engineers in good standing are allowed one six-line Situation Wanted insertion 
(about 36 words) free of charge a year More than one insertion to members will be 
made at half rates. In using the Classified Section of Chemical Engineering Progress it is 
agreed by prospective employers and employees that all communications will be acknow!l- 
edged, and the service is made available on that condition. Boxed advertisements are available 
at $15 a column inch. Size of type may be specified by advertiser. In answerine advertisements 
all box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 Last 41st Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the 15th of the month preceding the issue 


SITUATIONS OPEN 


SENIOR PROCESS ENGINEER-Heavy re CHEMICAL ENGINEER—SALES CORRE 


sponsibility in process design and develop SPONDENT — Progressive Midwest manu- 
ment for a Ch.E. with eight to ten years’ facturer has opening for ambitious young 
experience in petroleum or petrochemical engineer, preferably chemical, to handle 
fields. This is a permanent position with eoseeapentunes and gradually assume re- 
an East Coast organization known the sponsibilities of office management. Will be 


world over for accomplishments in the de- A to filtration from 
sign and development of oil refineries and 
chemical plants. The man selected must — 
os h 1 th : sales work. Salary open. Submit résumé 
ave the potentia to supervise other senior and salary desired. Box 2-10. 

process engineers. High salary. Traveling —— 


and moving expenses paid Unusually FILTRATION ENGINEER Prageecaive manu- 


liberal vacation, insurance and pension facturer in Illinois has attractive opening 
plans. Our staff knows of this opening. All for filtration engineer. Five years’ or more 
replies held in strictest confidence. Please experience desired. Duties will include both 
write details of experience, education, test work in laboratory and contact with 
- salaries received and initial salary re customers in the field. Salary open. Sub- 
a quirements. Boz 1-10 _ résumé and salary request. Box No. 


CHEMICAL PROCESS ENGINEER—B:S. 


SENIOR STAFF 
MECHANICAL ENGINEER 


Permanent, challenging position on our staff for a gradu- 
ate Mechanical Engineer with ten years’ experience in 
petroleum, chemical, power or allied fields of plant 
design. 


Our organization has an international reputation and 
is located on the East Coast. 


The man we seek must be capable of responsibility for 
overall arrangement, as well as selection and/or design 
of the principal components of process plants. 


Our salary offer is high, and in addition we have a 
liberal pension plan, accumulative vacation policy, ex- 
ecutive insurance and other benefits. We will pay for 
your traveling and moving expenses. 


Write stating age, experience, background, salary his- 
tory and your present salary requirements. Our staff 
knows of this opening and we will treat all replies 
confidentially. 


BOX 126, ROOM 1201 
230 WEST 41 ST. 
NEW YORK 36, N. Y. 


YOUNG MAN—B.Ch.E. 1951. Age 25 No 
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CHEMICAL ENGINEER —For pilot plant 
work in growing medium-sized chemical 
company manufacturing synthetic resins 
and polymers. Experience in synthetic 
rubber, or other vinyl type polymerizations 
desirable but not essential Outstanding 
opportunities for advancement in develop- 
ment or production. Box No. 6-10. 


VINYL POLYMER CHEMIST A well estab- 
lished national manufacturer is expanding 
its line of products to include polyvinyl 
acetate emulsions. A chemist or chemical 
engineer with specific experience in poly- 
vinyl acetate polymerization is needed to 
take charge of the manufacture and prod- 
uct development of these new products. 
Excellent opportunity to grow with an ex- 
panding organization. Please give details 
of education, experience and salary desired 

Our employees have been informed of this 

advertisement. Box 20 '0. 


SITUATIONS WANTED 
A.1.Ch.E. Members 


1941. 
Desire morning work in New York area to 
permit study for advanced degree after- 
noons and evenings. Experienced in eco- 
nomic evaluation, design, and operation of 
nitrogenous fertilizer, refining, natural 
gasoiine, and petrochemical plants. If 
interested, please write for a résumé. Box 
3-10. 


CHEMICAL ENGINEER—-PRODUCTION MAN- 


AGEMENT—Age 36 M.Ch.E Twelve 
years’ experience Resident manager of 
alcohol plant; chief engineer of eight 
plant organization; assistant to vice presi- 
dent in charge of production. Retained 
by president as only technical member, to 
aid in liquidation of company. Seeking re- 
sponsible position in production, manage 
ment or plant engineering. Box 4-10 


CHEMICAL ENGINEER-B.Ch.E. (five years) 


1950. Recent veteran. Pilot plant and pro- 
duction experience in fine and heavy or- 
ganics. Excellent college background in 
economics Desire position relating expe- 
rience with technical service and market 
development activities. Box 7-10 


experience wishes position with future. 
Box 8-10. 


CHEMICAL ENGINEER—Twenty years’ di- 


versified experience in research and de- 
velopment, process improvement, mainte- 
nance, design, estimating, consulting, pilot 
plant operation, production. Capable re- 
search director or plant engineer. Desire 
osition on West Coast, preferably San 
Francisco Bay area. Box 9-10 


CHEMICAL ENGINEER —B.S.Ch.E. University 


of Michigan 1943. Married Age 31. Ten 
years’ experience in petrochemicals process 
engineering and production including super- 
vision Prefer Midwest or Great Lakes 
area. Box 11-10. 


CHEMICAL ENGINEER—B.ChE. 1949. Age 


28, married. 4', years’ experience includes 
technical service, laboratory production 
control, process engineering, pilot plant 
investigations, and production supervision 
At present assistant general foreman, $475 
a month. Seeking responsible position in 
N. Y.-N.J.-Conn. area. Box 12 , 


OR PRODUCTION ENGI- 


EER — With fifteen years’ diversified expe 
rience in manufacture of organic chemicals 
production, development, and design. Box 
13-10 


M.S. CHEMICAL ENGINEER-—Licensed. Ten 


years’ experience in production, pilot plant 
supervision. Box 14-10. 


CHEMICAL ENGINEER—Twenty years’ expe 


rience. Thorough background pertaining to 
the development and manufacturing of 
catalysts, catalytic oxidation processes, 
surface active agents, and polyester resins. 
Position as director or assistant director 
of development department desired. Box 
15-10. 


EXECUTIVE ENGINEER—Age 35. N.Y. PLE 


license. Broad experience includes manage- 
ment of plant production, process develop 
ment and plant design for the chemical and 
petroleum industries. Desire responsible 
and challenging position with a progressive 
chemical company or engineering con- 
tractor. Box 16-10. 
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CHEMICAL ENGINEER—Ten years’ expe- 
rience in product and process development 
of refinery operations, oil blending, grease 
compounding, and manufacture of auto 
motive and specialty products. Registered 
professional engineer esire responsible 
position with opportunity for advancement 
Box 17-10. 

SALES—Live wire chemical engineer, bored 

with research and development, desires 

challenging opportunity in chemical or 

process equipment sales. Six years’ di 

versified experience in organic coatings, 

explosives and allied chemicals. B.Ch.E 

Age 28, single, personable, good appear 

ance. Box 186-10 


CHEMICAL ENGINEER—M.ChE Age 
Nine productive years with leading 
food manufacturer. Experience in product 
and process development, equipment de 
sign and installation in supervisory ca 
pacity. Patents. Mature, personable, seek 
administrative position. Box 19-10 


PROCESS DESIGN ENGINEER - M.ChE 
P.E. Nine years’ chemical-mechanical expe 
rience in design and operation of process 
equipment. ChE. unit operations, material 
balances, evaluations, steam power gener 
ation. Proposals and some sales. Box 21-10 


PROJECT ENGINEER —Ten years’ experience 
Thoroughly familiar all phases complete 
chemical plant design, estimation, pur 
chasing and construction. Projects of all 
sizes with locations in U. S., Europe and 
South America. Best references. Married, 
family. Age 35. Box 22-10 


ACADEMIC POSITION—Chemical Engineer 
ing Ph.D. PE 5. family Active 
member A LChE teaching position 
with responsibility and opportunity. Twelve 
month basis preferred. 8', years’ teaching, 
industrial, and consulting experience. Pub 
lications Excellent references Available 
February or June, 1954. Box 23-10 
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PERSONNEL CHANGES 
AT DU PONT 


Carl 8S. Oldach manager of the tech 
nical section of the Du Pont plant at 
Victoria, Tex., has been pr moted to the 


position of assistant plants technical 


manager im the polychemicals depart 
ment in Wilmington. At the same time. 
John V. E. Hardy was advanced from 
assistant technical manager at the Vic 
toria plant to succeed Dr. Oldach, and 
Robert B. Goodwillie, technical super 

it the Belle, W.Va 
Hardy's 


joimme Du 


intendent works, was 


promoted to Mr former post, 


Since Pont as a senior 


chemical at the Experimental 
1940, Dr 
assistant technical superintendent at the 
telle Works and a h supervisor 


in Wilmington where he worked on the 


enyincedr 
Station in Oldach, has been 


researc 


design of the Victoria plant. 
Mr. Hardy started with Du 
1939 and spent a number of 


research at the Experimental Station, 


Pont in 


years in 


going to the Victoria plant as technical 
superintendent in 1951, 

Mr. Goodwilhe began with Du Pont 
after a M.S. degree in chem- 
from M. I. T. He 
worked in research in Wilmington and 
in the technical 
River Works at Tex., 
going to the Belle plant last vear. 


receiving 
ical engineering 
section of the Sabine 


Orange, before 
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I. H. Munro has been serving for | 
the past several months as assistant to 
the executive vice-president and Wil- 
liam E. Dugan, Jr. as assistant chief 
engineer, Solvay Process Division Al 
lied Chemical & Dye Corp. 

A graduate of Colgate University, 
Mr. Munro joined Solvay’s engineering 
department in 1935, after receiving his 
M.S. in chemical engineering at Massa- 
Sub 


assistant 


chusetts Institute of Technology 


sequently he was appointed 
chief engineer and chief engineer. 
Mr. Dugan, a 


graduate of Carnegie Institute of 


chemical engineering 
Tech 
nology, has been with Solvay Process 
engineering department since 1946. In 
Baton 


plant as project manage: 


1952 he was transferred to the 
Rouge, La., 
for a soda — ash 


mayor expansion 


program, 


David Brown is now director of pro 
cess development, Scientific Design Co., 
Inc. Prior to this 

appointment he 

Shell De 
velopment Co. as 


served 


senor development 
the 


enyvinect in 
process 
ing department. 
Mi Brown 
also associated 


with M. W. Kel 


logg Co as an 


Wits 


engineer before entering the U. S 
Navy in 1944. 
with Thompson Weinman & Co, as a 


chemist and the Standard Oil Company 


Ile has been associated 


of California as an engineer. He re 
A.B. 
from Swarthmore College in 
in 1940 his M.S 
engineering from 
tue of Technology. 


chemistry 
1938 and 
chemical 
Insti 


ceived his degree in 
degree im 
Massachusetts 


L. W. Sessions, sales representative 
of the organic chemicals division, Mon 
Chemical Co., 


santo was recently ap 


pointed to a two-or three-year post in 
London, England, with Monsanto Chem 
icals Ltd. M1 
with the development group of the sales 
British company. He 
1946 as 


Company s 


Sess1ons will be associ ited 
division of the 


jomed Monsanto in project 


engineer in the John F 


Queeny plant. 


Carl S. Carlson, formerly of the 
Standard Oil Development Co., 
appornted director of research of Mor 
ton Salt Co., Chicago. He 
charge of the laboratory which will be 
Woodstock, II He re 
ceived his (1935), M.S. (1937), 
and Ph.D. (1939) degrees from Penn 
svivania State College. 


has been 
will be in 


constructed at 
B.S. 
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When You Buy 


Pumps ana Compressors 


DO LONG LIFE 
You EASY MAINTENANCE 
WANT | RELIABILITY 


These Are BUILT-IN 


By PENNSYLVANIA 


AIRCHEK VALVE 


Automatically pre- 
vents reverse flow 
through Compres- 
sor and also 
dampens pipe 
line pulsations. 


This Check Valve should be on EVERY re- 


ciprocating Compressor. Bulletin 5O9-H 


OILFREAIR and OILFREGAS Com- 
pressors guaranteed to compress air or gas 
free of any trace of oil or oily vapors. They 
are unequaled for Instrumentation, Food and 
Chemical processing. Bulletin 202-H,600-H 


PENNSYLVANIA Double-Suction, Single- 
Stage Centrifugal Pumps. Available in sizes 
14 to 14 inches to handle 20-7000 GPM 
Bulletin 233-5-H 


for pressures to 130 psi. 


YOUR Copy of Catalog 546 briefly describes 
All PENNSYLVANIA Products 
Write For lt Today 


<> 


PENNSYLVANIA 
Pump & Compressor Co. 


EASTON, PA. 


OILFREAIR © THRUSTFRE © 
OWFREGAS © AIRCHEK © 


Page 81 


ert 
- 
° 


above 
Model 1910 Bel- 
ance indus 


—> MICROMETER-POISE 
INDUSTRIAL BALANCES 


No other balance offers the speed and accuracy of the new Micrometer 
iol Poise Industrial Balance. Any weight may be obtained in a matter of 


being vied to seconds by merely sliding and rotating the micr ter poise to the 
desired value. 
9 — The balance also features an undivided tore beam to counterbalance 


a container so that net values can be read directly. 
For details on other models and prices write for free brochure. 


OHAUS SCALE CORP. 


UNION, N. J. 


1044 COMMERCE AVE. 


PACIFIC-WESTERN 
Agitator Drivee.. 
Built for years 


of economical, 
heavy-duty service! 


Eleven double reduction Pacific- 
Western vertical agitator drives with 
73 HP motors occupy minimum floor 
area ia installation with capacity of 
450 tons of bleached pulp per day. 
Available in single, double and triple units 
Write for Booklet No. 5308 
Address your request to nearest 
Pacific-Western office 


... Complete Engineering Service Available... 


WESTERN GEAR WORKS 


¥ me 
Manviacturers of PACIFIC-WESTERN Geor Products 


Pacific Gear & Tool Works ~ 


Pacific-W estern TV -64, vertical 
triple reduction drive unit 


Check these outstanding features ... 


®@ Vertical electric drive saves space... 

@ Full range of ratios, from 12 to 1 
through 300 to 1 with DV or 
TV units... 

®@ Low speed shafts equipped with heavy 
duty tapered roller bearings eliminate 
need for separate thrust bearings... 

®@ Lubricating systems especially designed 
to meet every application... 

@ Scavenging pump systems eliminate all 

sibility of oi! leakage around 

iow speed shafr... 

®@ Modern vertical drives are considerably 
less expensive than old style 
right-angle drives... 

® Simple, compact design and 
construction reduces installation 
and maintenance cost... 


Write, Wire or Phone 
WESTERN GEAR WORKS 
417 Ninth Ave., So., 


Seattle, Washington 
. Main 0062 
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NEWS ABOUT PEOPLE 


(Continued from preceding page) 


Howard R. Batchelder has recently 
joined the staff of Battelle Institute, 
Columbus, Ohio, as an associate con- 
| sulting chemist, coordinating research 
devoted to non-fuel uses of coal and 
chemicals derived from coal. Prior to 
joining Battelle,; Batchelder was, for 
five years, in charge of gasification 
planning at the United States Bureau 
of Mines’ fuels demonstration plant, 
Louisiana, Mo. While there he also 
served as consultant on gasification to 
the Chief of the Division of Fuels 
Technology for the Bureau’s Region 
VIII. Before joining the Bureau of 
Mines he was employed as technical 
director by the Institute of Gas Tech- 
nology, Chicago, and had also been asso- 
ciated with the United Gas Improve- 
ment Co., Philadelphia, and the Stan- 
dard Oil Co. of Indiana, Whiting, Ind. 


Alden R. Loosli has been named 
manager of the newly formed market 
research and development department 
at Caleo Chemical Division, American 
Cyanamid Co., Bound Brook, N. J. 
He will continue in his present post of 
assistant to the general manager. He 
began with Calco in 1937 as a student 
trainee and has held supervisory posi- 
tions in various production departments. 
After a period of sales training he was 

| appointed assistant sales manager of 
| the rubber chemicals department in 
| 1947. In 1950 he was named assistant 

manager of the intermediate and rub- 
ber chemicals department when they 
were consolidated. Mr. Loosli received 
a B.S. in physical sciences from the 
University of Chicago. 


Corn Products Refining Co. has re- 
cently appointed William E. Brinker 
chief engineer. He was appointed di- 
rector of engineering of the company’s 
chemical division in 1944, and assistant 
| chief engineer in 1948. Prior to going 
| with the company, he was associate 

professor and head of the department 
of chemical engineering, Technological 
| Institute, Northwestern University. Mr. 
| Brinker received his B.S. and Ph.D. 
| degrees in chemical engineering from 
the University of Pittsburgh. 


Necrology 


H. V. BERG 


Holger Berg, retired, died re- 
cently. A graduate of the Pharma- 
ceutical College at Copenhagen, he was 
associated early in his career with the 
Krebs Pigment & Chemical Co., New- 
port, Del. first as superintendent, and 
then as manager and vice-president. 
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CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL e ALUMINUM 

NICKEL CLAD STEEL e ETC. 
Towers, Pressure 
Plate Fabrication 
trained personne! 
equipment. 
in designing 
ments. 


Good Design — Right Material — 
Expert Workmanship at a Fair Price. 
HEAT EXCHANGERS A SPECIALTY 


Fabricators and Designers for More 
han 30 Years 


Vessels and General 
manufactured with 

and up-to-date 
Our Engineers will assist 
to meet your require 


Write us, today, for helpful literature 


DOWNINGTOWN IRON WORKS, INC. 
DOWNINGTOWN, PA. 


STEEL & ALLOY PLATE FABRICATION 


HEAT EXCHANGERS 


Division of Pressed Steel Tank Co., 
Milwaukee, Wis. 


Water cools 
itself with a 
C-R Chill-Vactor 


A Chill- Vactor is a three - stage 
steam-jet vacuum unit which serves to 
flash-cool water and certain other 
liquids through temperatures down to 
32° F. No chemical refrigerant is used. 
There are no moving parts. Water 
literally “cools itself” by partial evapo- 
ration at high vacuum. Vacuum re- 
frigeration is usually less expensive 
than mechanical refrigeration in first 
cost as well as operating cost. 

Chill-Vactors are producing chilled 
water in industrial plants throughout 


the world. They are cooling chemical 
solutions, fruit juices, milk, whiskey 
mash, etc. Bread and other baked 
goods have been vacuum cooled suc- 
cessfully for years. Other products, 
such as lettuce, spinach, celery and 
other leafy vegetables, are being cooled 
to temperatures around 33° F. in quan- 
tities up to 200 cars a day. 

The Chill-Vactor is only one type of 
steam-jet Evactor manufactured by 
Croll - Reynolds. Let our technical 
staff help you with any or all of YOUR 
vacuum problems. 


CROLL-REYNOLDS CO., INC. 


Office: 751 


Central 


Westfield, New Jersey 


New York Office’ 17 John Street, New York 38, N. Y 


CHILL-VACTORS + 
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THE PRESIDENT SAYS 


s write, another election is in progress. I 
A have seen the tabulation of nominating ballots. All of 
us are indebted to Messrs. White, Adler, Dorsheimer, Mala 
koll, Morton, and Wolth who carried out the rather tedious 
duties of tellers. We mailed out 4,805 ballots and received 
back 1,578, about one third, 

For nomination a candidate must receive votes trom at 
least one per cent of those qualified to vote ( in this case, 
18 votes) There are six such names for Vice-President 
and nineteen for Director. Formal acceptance of the nomina 
tion by the candidate is required. For Director the highest 
twelve accepting are listed on the ballot. In all cases the 
order of listing is in descending order of votes received. 
Some years ago the first four names in the list of twelve 
were usually elected. Probably few voters knew the candi 
dates and checked the first four names either because that 
was easiest or because it seemed proper since these hac 
received the most nominating votes. Latterly, increasing 
interest in elections has changed this somewhat, though 
there is still a strong tendency to elect those high up on 
the list. Nominating ballots have therefore been important 
in deciding these contests. 

In recent years sections have done some torch-bearing 
for their candidates and, within reason, | think this is 
good, Some of our members are afraid this situation will get 
out of hand and that large sums of money will be spent on 
clectioncering. IT doubt that there is enough incentive. At 
any rate, a professional organization, such as ours, can not 
tolerate objectionable practices and we should all be alert 
to avoid developments which could give rise to them, There 
are certain areas of the United States where concentration 
of voting members is high. Members in one of these areas 
could virtually control our elections if they chose to do so 
and it is notable that they do exercise restraint. ‘This is 
the kind of spirit which ought to characterize a group func 
tioning at the high level exemplified by A.LCh.E. 

It seems evident that Constitutional provisions for nom 
ination and clection of ofhcers and directors were geared 
to a time when our membership was quite small and highly 
concentrated so that members knew cach other to a great 
degree. Now we are comparatively numerous and spread 
out all over the United States. I believe we need a better 
way to identify good candidates for ofhce. ‘The figures cited 
above do not tell quite the whole story. In addition to 
those mentioned there were over a hundred more names 
on the nominating ballots, Certainly quite a few of those 
who received the necessary number of votes will decline to 
run, Four of the six candidates for Vice-President have 
already so indicated, 

It has been suggested that Council might act as a nom- 
inating Committee since it is in a position to watch members 
doing Institute work and to know who could be expected 
to perform etlectively, ‘This is not a bad idea, but I like 
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even better a suggestion of a nominating Committee com 
prising members both in and out of Council. In any event 
it scems reasonable to me to put the job in the hands of a 
properly specified nominating committee instead of leaving 
it to an unorganized procedure as at present. Potential 
candidates could be checked beforehand about their willing 
ness to run and I believe we could provide a real choice 
for voters so that they could vote for one good candidate 
or another good candidate. Our nominating committee 
should function like a “non-partisan league,” choosing candi- 
dates representing various viewpoints but being certain 
that all are worthy candidates, willing and able to work. I 
would favor continuing to stimulate interest in our Institute 
sections so that they would carry torches for people they 
favor and would bring these to the attention of the nom- 
inating Committee. 

Those who read this column will surely have picked up the 
typographical error in next to the last sentence of the 
September column. “Athliate” was, of course, intended 

Chalk up another victory for the scheme I mentioned a 
couple of months ago for getting a study project: accom 
plished! Earl Stevenson, who is just completing a term on 
Council, has been a tower of strength there. His reason 
ableness and good sense, his broad knowledge and skills 
have long been devoted to Institute purposes and never to 
better eflect than during his term on Council. Recently 
I asked him to undertake a study project, choosing several 
other members to help. This project has to do with prob 
lems of housing for our Institute staff and for “C. Eb. P.” 
staff. The mechanics of operating an organization com 
prising upwards of 13,000 members give rise to hundreds 
of thousands of transactions in the course of a year. Many ol 
these involve paper work of one kind or another. So large 
and complex a job can not be done without people, furni- 
ture, machinery and space. We moved just a few years ago 
to get more space. Rents in Manhattan have been going up 
and up. ‘To provide the facilities we believe we need 
will cost far more than we feel we can afford. Besides, it 
will be dithcult, if not impossible, to maintain a good, 
workable situation merely by continuing to hunt for more 
and more rental space in’ Manhattan as our apparently 
inevitable growth continues. 

This is a problem which Council believes must be handled 
with authority and decision—the reason why I asked Earl 
Stevenson to take on this study. After only a few weeks he 
reported to Council at our San Francisco session and it was 
perfectly evident that a comprehensive consideration had 
been given to such questions as improvement in our office 
procedures, advantages and disadvantages of keeping our 
stafls together, Manhattan versus other locations, ownership 
versus rental, possibilities of Cooperating with other engin- 
ecring societies on housing, and so forth. I mentioned re- 
cently the fine work being done by George Holbrook’s Gom 
mittee on the Future of the Institute. The Stevenson study 
is an example, and not the first, of a segment of the 
Institute's future which has moved up into the present. Tam 
glad to be able to say that Council is dealing decisively 
with this matter and you may expect to hear more about our 
housing study in the months to come. What we aim to do 
is to give you more and better service at less cost. 
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plant 


LOOK TO 


VULCAN—— 


for 


* Overall plant construction. 


* Renovation of existing plants, both 
large and small. 


® Equipment erection and installation 


in the field. 


Specialized services for the 
process industries since 1901. 


VULCAN CONSTRUCTION DIVISION 


VULCAN Corprer & Co., General Offices and Plant, CINCINNATI 2, OHIO 


NEW YORK BOSTON HOUSTON SAN FRANCISCO 
VICKERS VULCAN PROCESS ENGINEERING CO., LTD., MONTREAL, CANADA 


DIVISIONS OF THE VULCAN COPPER & SUPPLY CO.: 
VULCAN ENGINEERING DIVISION @ VULCAN MANUFACTURING DIVISION @ VULCAN CONSTRUCTION DIVISION @ VULCAN INDUSTRIAL SUPPLY DIVISION 
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LIGHTNIN 200-HP MIXER, 
one of six units on battery of 
antibiotic fermenter tanks. 
These units are available for 
open tonks or closed pres- 
sure vessels, in sizes from 


1 to 500 HP, 


LIGHTNIN PORTABLE 


LIGHTNIN SERIES SE 
MIXERS, for large tonks, 
offer new easy repack- 
ing; choice of stuffing 
boxes or mechanical 
seals, Sizes 1 to 25 HP. 


ULTRA-HIGH-SPEED 
MOVIES of this set-up 
help determine power 
response and other im- 
peller characteristics. 
Other research tools per- 
mit pilot testing in tanks 
@s large as 70,000 gal- 
tons, fully instrumented. 


MIXING EQUIPMENT (Co., Inc. 


199 Mt. Read Bivd., Rochester 11, N. Y. 
In Canada: William & J. G. Greey, Ltd., Toronto 1, Ont. 


It mixes fluids 
the way you want ’em mixed 
... or it costs you nothing 


When planning to invest in a mixer, your main concern is “will 
it work?” 

First, “will it stand up mechanically?” 

Second, “will it mix these materials to the exact consistency 
or uniformity that I want, in the number of minutes or hours 
that I consider practical?” 

That's our main concern, too. 

In fact, the LIGHTNIN Mixer you purchase must be satis- 
factory—from a process standpoint as well as mechanically —or 
you get your money back. 

The LIGHTNIN guarantee protects you fully on such opera- 
tions as: 


mixing washing gas dispersion 
blending 


circulating 


heat transfer crystal size control 


dissolving solids suspension 


All you do is tell us a few facts about the materials, the tank or 
vessel, the end results you want, and how quickly you want 
them. We do the rest—and guarantee you'll be satisfied. 

If you like the idea of doing business with engineers who 
look at fluid mixing the way jyow do, why not give us a call? 


Re 


GET THESE HELPFUL 
LIGHTNIN CATALOGS 


This librory of mixing information 
is yours for the asking. Cotclogs 
contain helpful data on impeller 


DH-50 Laboratory Mixers 

(] B-75 Portable Mixers (electric 
and air driven) 

(] 8-102 Top Entering Mixers 
(turbine and paddle types) 

() 8-103 Top Entering Mixers 
(propeller type) 

() B-104 Side Entering Mixers 

8-105 Condensed Cotalog 
(complete line) 

[J 8-107 Mixing Data Sheet 


Please send me the catclogs checked at left. 


Nome Title 

Compeny___ 

Address 


+ MIXERS cre used every» 
> 39 mixingjobs. Thirty models 
fo choose from. Sizes 
: 
/ 
| 
| 
| 
i 
selection; sizing; best type of ves- | 
: sel; valuable installation and op- | 
erating hints; complete description 
of UGHTNIN Mixers. 
MIXCO fivid mixing specialists j 
| 
‘ 


